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“Gertie” was cut up and fed to the Inland furnaces the day she arrived at the mil): 


Inland Mine Hoist Makes Scrap for Hungry Furnaces 


To help meet the critical need for scrap, an auxiliary 
mine hoist once affectionately known as “Gertie,” was 
taken out of retirement at one of the Inland ore mines 
and shipped to the company’s mills at Indiana Harbor. 
The need for scrap is so urgent that “Gertie” was cut 
up and fed to the hungry Inland furnaces the day she 
arrived at the mill. She was rolled into steel plates 
and soon will be part of a Liberty ship carrying vital 
war supplies to the fighting fronts. 

“Gertie” is typical of many pieces of equipment in 
factories, mines, etc. throughout the country. Replaced 
by a modern electric hoist several years ago, this old 
mine hoist was stored because it “might come in handy 
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some day.” Holding old machinery, stacks, tanks, tools, 
jigs, dies, even partly finished parts, for possible 
future use is a commendable practice in ordinary times. 
But this is war—total war—and everything made of 
steel, that is not being used to produce for war, ought 
to be scrapped and started on its way to the steel mills 
at once. 

Many steel mill furnaces are down, while millions of tons 
of needed scrap remain unreclaimed. The scrap situation 
is critical now and it will become more critical as winter 
approaches, unless management of American industry 
gives authority to scrap old equipment and material 


If you can’t use it now — scrap it. 
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Engineering the Treatment 


By R. F. Wilson 


A 


~ 


liver Farm Equipment Co. 
Plant No. 2, South Bend, Ind. 


ANUPACTURE of 155-mm. shell, a simple 
tapered projectile, may be considered an 
easy task when comparing it with gun breeches 
or bomb sights. Viewing the simplicity of 
design, the small number of parts, and the rela- 
lively few operations necessary, one may fore- 
see little difficulty in producing this item of 
mmunition. However, communications from 
several plants where shells are being made 
point to many problems along the line. We 
ive had, and doubtless will have, problems 
irom time to time which will be facsimiles of 


se encountered elsewhere. It is the purpose 


this report, therefore, to give the facts as 
‘hey were found and to chronicle the proce- 
dures used to work out one of these many prob- 
cms, With the earnest desire that these words 
nay be of some value to others in the shell 


inufacturing “industry”. 


Preliminary Testing 


Before proceeding with production, it is 
vcessary to carry out some heat treatment on 
laboratory scale. These tests were made on 

clions of various shells comprising the differ- 
it heats on hand at that time. A small electric 
‘urnace was used for hardening and the cou- 
eons Were quenched in a small tank of 10-gal. 
‘pacity. Drawing was done in a Lindberg 
ut draw, electric furnace of tool room size, 


S24 30 in, Coupons were treated in groups 
*' four to give a higher degree of validity to 


of 155-mm. Shell 


the tests. All coupons were Brinell tested 
before and after drawing. Results of these tests 
are in Table IL. The first set of tests on 
T-A-181-A to D was to locate the approximate 
treatment, and coupons of a forging coded 
T-A-181 were used. For easy machining, the 
Brinell hardness of the treated shell should fall 
below 228, and 196, the lower limit, was deter- 
mined by the physical requirements. 

Following these pilot tests, groups of cou- 
pons from various heats of steel on hand, con- 
forming to the War Department's shell steel 
specification, were hardened and drawn. 
Results are shown in the last nine lines of Table 
I, page 360. 

The purpose of testing in this manner was 
to determine the temperatures which would 
give the desired hardness. The hardening tem- 
perature of 1475° F. was necessarily the lowest 
possible, as will be noted from later data show- 
ing the critical points on this steel. There- 
fore, the temperature of the draw was the next 
important variable. It must be kept in mind 
that here we were seriously limited by time, 
since the time allowed in the draw furnace was 
a little less than 90 min. At least half of this 
is used in bringing the temperature of the shell 
up to approximately 1200° F, 

At this point in the preliminary study, a 
coupon was heat treated and turned down to 
a standard test bar in order to get the physical 
properties. It was oil quenched from 1475° F., 
drawn 45 min. at 1200". Its Brinell hardness 
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Table I — Preliminary Hardening Tests on Shell Steel S.A.E. S.A S.A 


was 196, and the tensile fracture was rated 


“silky, *4 cup”. Tensile figures were: 


Yield strength 71,500 psi. 
Ultimate strength 106,000 psi. 
Elongation 31.2% 
Reduction of area 60.3% 


A similar test piece was made, using a 


longer draw (60 min.) which brought the 
Brinell down to 192. This tensile coupon gave 


1050 10 
Cope | Heat,°F. QuencH Harpness | Draw, °F. |Time, Min.) HARDNEss Ac, 1335 134 139: 
Ac, 1400 1400 44) 
r-A-181-A) 1600 Oil 321 1250 30 228 Ar, 1330 12 139 
r-A-181-B Oil 302 1250 60 212 Ar, 1270 1275 pox: 
r-A-181-C 1600 Oil 302 1300 30 217 . 55 
r-A-181-D 1600 Oil 311 1300 60 217 Two runs were mag, 
Group 1 1525 Oil 293 1075 30 255 one from one steel cod, 
Group 2 1525 Oil 293 1100 45 241 T-A-183 and one T-A.% 
Group 3 1525 Oil 293 1150 30 248 é . 
Group 4 1500 Oil 286 1100 40 235 whose chemical analyse. 
Group 5 1500 Oil 286 1150 40 231 follow: 
Group6 | 1500) | Oil 286 1175 40 228 T-A-183 T-A22 
Group 7 1475 Oil 262 1100 40 228 Carbon 0.55 () 
Group 8 1475 Oil 262 1150 40 217 Manganese’ _ 
Group 9 1475 Oil 262 1175 40 217 Silicon 0.22 0.2 
Phosphorus 0.025 0.02 
Sulphur 0.034 


These two heats were chosen for their wid, 
difference in “Index Number” (3 C — Mp): { 
T-A-183 it was 2.59 and for T-A-200 23 
Sizes for ideal hardenability, as computed | 
GROSSMANN’s methods (see METAL ProGress de 
sheet for July), were 1.26 in. and 1.11 in. rounds 
respectively. 

Not having a precision dilatometer avail. 
able the critical temperatures were determi 


1800 
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~ & | =. 
1600 
1200 
Pusher Furnace for Hardening, 50 Ft long, West 


7 8 


a vield strength of 66,500 psi., but it was decided 


at this value was a little too close to the 


required figure of 65,000 for safety. 


Determination of Critical Points 


Considering the fact that W.D. SS-3 is not 


strictly an S.A.E. steel, it was decided that it 
might be of value to determine the critical trans- 


formation points. Values listed for the analogous 
steels, S.A.E. 1050 to 1060, on page 435 of the & 
Metals Handbook are: 


Push, Number 


13 £5 6 


Temperature at Mid-Point 
Wall as It Progresses Throug 
ening Furnace. Test shell was outermost in 
push and exceeds control temperature at 
because of direct action of burners firing al 


JO] 12 


} 


directly by using a Leeds & Northrup elec! 
“Vapocarb” carburizing furnace, controlled | 
differential pyrometer and two iron-consts! 
thermocouples. One of the couples records 

temperature of the work, and the othe! 

located near the furnace wall. The syste! 
so arranged that the latter couple sends | 


impulse which causes the pyrometer to rec 
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At yp difference between the work temperature 
. od the furnace temperature. The power input 
set al 5 kw. which equals approximately 


»-third the total power available; at this set- 


= so the rate of temperature increase was 100° 

id per hr. it was expected that this rate would 

nt veld a curve on which the critical could be 

read. Observations follow: 

Vses | Ac, Acs.» Ary » Ar, 
Heat T-A-183 1345 1470 1485 1235 

- Heat T-A-200 1335 1455 1487 1237 


Hardening in Production 


After considering these preliminary data, 
the capacity and design of air furnaces, and the 
equirements of the work as to physicals and 
nachinability, it was decided that a 1500° F. 
quench and a 1300 draw would be about right, 
that is, quench from 25 to 50° above Ac, and 
draw from 40 to 50° below Ac,;. When the fur- 
aces were operating so the work followed that 
schedule we achieved the required figures of 
(5,000 psi. vield strength, 15° elongation and 
> reduction of area, and at the same time 
had a well refined steel which yields a good 4 
ip, and silky fracture. Actual metallographic 


ing eight to drop into the quench tank at the 
other end. Temperature is controlled by two 
Leeds & Northrup Micromax recording pyrom- 
eters having a range of 200 to 2000° F., and 
operated by chromel-alumel thermocouples. The 
couples were originally placed midway in each 
zone (charge or east, and discharge or west) 
about 12 ft. from each end of a 50-ft. over-all 
length. Protruding through the center vc. the 
roof, they extended downward to within about 
a foot of the shell proper. The timing device 
was set between 4 and 5 min. to give a definite 
production. 

With the furnace controls set at 1600° F. 
for both zones and the timer set at 4.6 minutes, 
a test was made on shell temperatures. We 
drilled a short hole in the mid-wall of a shell 
at its base, and cemented in the junction of a 
thermocouple with wires about 65 ft. long, so it 
could be dragged through the furnace in the 
regular production cycle and actual metal tem- 
peratures recorded at any time. 

Temperatures were read on a_ portable 
potentiometer, and the readings recorded for 
each push. As may be seen from Curve I in the 
diagram on page 360, the temperature of the 
work (that is, the shell) exceeds the control 
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— Curve IV, Shell in Mioole Row, 
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‘udies have not appeared to be necessary. 

lt is one thing to heat a handful of coupons 
1 a laboratory furnace to a definite temper- 
‘lure, but an entirely different task to quench 
‘ half-ton of hot steel every 5 min. with equal 
‘Milormity and certainty. For this production a 


“rect gas-fired, pusher tvpe of furnace accom- 
Nodating 144 shells was used. Each push 
lorces 


ie row of eight into the furnace, caus- 
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Push, Number 


Temperature of Shells 
as They Progress Through Draw Furnace, Curve Hl 
shows effect of side wall burners; resulting hardness 
varied from 186 to 217 Brinell. Curve IV gives ideal 
curve from furnace heated by circulating atmosphere 


temperature by 55°. This appears to be an error 
until it is considered that this furnace is both 
under-fired and over-fired; the latter causes the 
shell to exceed the furnace in temperature. 
Brinell hardness as quenched at this tempera- 
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ture (1655° F.) was 321 to 341. (8C + Mn index 
of this steel 2.57.) This condition, where the 
work and furnace temperatures are so far apart, 
is not favorable for controlled heat treatment. 

To correct this variation between work and 
furnace, the thermocouples were replaced by 
longer ones, bringing the couple to within 2 to 
3 in. of the shell, and both couples were moved 
5 ft. toward the discharge end of the furnace. 
This brought the couple at the charging end 
back from the door approximately 16 ft. and 
the couple at the discharge end to within 5 ft. 
of the point where the shell leaves the furnace 
for the quench tank. 

Curve II illustrates a test made as before, 
with thermocouples in new positions and with 
the furnace controls set at 1550° F. on the charg- 
ing end (to accommodate for heat losses due to 
the opening and closing of the furnace door) 
and 1475° F. at the discharge end. The timer 
was set at 5.2 min. In this case the shell tem- 
perature immediately before the plunge (1500° 
F.) exceeded the furnace temperature by 25° F. 
This is a favorable condition, owing to the desir- 
ability of quenching on a rising temperature. 
Brinell hardness as quenched was 286 to 293. 
Curve II also shows considerable improvement 
over the previous one in the rate of temperature 
increase. 

Quench Tank has a capacity of 7500 gal. 
The cavity of the shell is quenched by oil forced 
through a set of eight nozzles; this system also 
keeps the oil in the tank circulating vigorously. 
The temperature is maintained at 120° F. 
by pump and manually controlled 
valves, which circulate the oil through 
a water cooling jacket. 


Draw Furnace 


The shells are drawn back in a 
recirculating air draw furnace. This 
furnace is also gas-fired. The accom- 
modation is also for 144 shells in rows 
of eight; here the shells lie on a con- 
vevor, which advances one shell- 
length for each push at the hardening 
furnace. The same time elapses 
between forward movement here as 
does between pushes, from 4 to 5 min. 
according to the setting of the control. 
Originally there were provided two 
blower units, one for each zone 
(charging or east, and discharging or 
west). The fan on the charging end 


Page 362 


failed to stand up under the load « ry 
this end of the furnace at 1400° F. (mace », 
sary by the original quench from 1650) 


1). To maintain production five buryers 
added, three on one side and two on the ou 
replacing the air-draw condition on this , 
with direct firing. The furnace was , troll: 
by two Leeds and Northrup pyrometers wip) 
range of 0° F. to 1500" F., using chrom: l-alu 
couples, descending from the roof midway 
each zone to within a foot of the work 

With the furnace heated as revised. thy 
shell was run through the draw furnace. Ry : 
time the quench temperature had been lowe 
somewhat from the conditions shown in ( 

I and it was not necessary to draw at xs 
a high temperature; in fact it was desirah|; 
soak for some time at 1200° F. 

Curve III resulted from this test. The | 
nace controls were set at 1400° F. on the char: 
end (to take care of heat losses at the do 
and 1200° F. at the discharge end. As wa: 
case in the hardening furnace, the work | 
perature exceeded that of the furnace; this ca 
however, shows a difference of 100 to 130 
carried over from the charge end but 
recorded on the control pyrometers owing 
their position. 

Added to this discrepancy is the varia! 
condition caused by the burners. These burt 
were fired directly over the shell, and as a 
sequence, the temperature was exceeding 
irregular, rising to peaks as the shell stopped 
front of or near a burner, and falling below | 
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ot when on the next advancement it halted 
burners. This unstable condition 
. a wide variation in hardness on the 
from 186 to 217 Brinell. 

4 second test was taken after the burners 
ging end had been removed in favor 
built blower, and the thermocouples 


thee 


wed in the sides over the shell, within an inch 
two of the shell body. The curve plotted 
fom this test is given in Curve IV. This is so 
superior to the first that there can be little 
Joubt as to the value of these tests and the cor- 
rections Which were based on them, The couple 
» the charge end was replaced in its original 
position through the roof in order that the load 
the front blower be controlled by the cir- 
lating air rather than the steel, since the cold 
shell would demand too much of the fan. 
Hardness readings on the shells after these 
furnace improvements were installed varied 
within the limits of 0.1 mm. on the diameter of 


the Brinell depression. 
Cooling After Draw 


Also of importance to this heat treatment 
s the rate of cooling after drawing. One of the 
esis was delayed, and to prevent the test from 
being a total loss, it was decided to check the 
temperature during cooling. The shell was 
placed on the discharge table with others emerg- 
ug from the furnace and allowed to travel the 
length of the discharge table; the time was 8 
min., equal to almost two pushes. 

The third figure illustrates the curve result- 
ing from plotting the temperature against time 
in minutes. It may be seen from this curve that 
the cooling conveyor 100 ft. long, requiring 3 hr. 
lo travel from the end of the draw furnace to 
the shot blast machine, would be unnecessary, 
and that the length could be reduced by half. 
An air blast brings the shell from 300° F. down 
to handling temperature. S 


Cooling Rate of Shell on Table at 
Discharge End of Draw Furnace 
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Strategic Materials 


By Harvey A. Anderson 
Chief, Conservation and Substitution Branct 
W ar a 


OLLOWING is a report on the relative scar- 
city of certain materials, as the situation 
appeared on August 21. |For similar reports as 
of March 12 and June 1, see Merar Procress for 
April, page 552 and for June, page 850.) ‘There 
is always the possibility of a quick change in the 
status of an item due to a sudden demand, to 
modifications of Government regulations, or to 
variations in the labor, manufacturing or trans- 
portation factors that affect the supply. For 
this reason the grouping in each report indicates 
merely the current availability of material 
within broadly defined categories. Materials are 
listed in three groups, ranked on the availability 
of existing supplies. 

Group I consists of materials of which the 
supplies are inadequate for war, and for most 
essential uses. Civilian industry, however neces- 
sary the material may be to it, is or has been 
denied the use of items in Group I, and must 
accordingly use substitutes. All steel and zine 
are now placed in this group. Scrap materials, 
such as iron and steel and rubber scrap, fall in 
this “insuflicient for essential needs” category. 
The secondary and scrap metals are classified 
with the corresponding primary metal; in any 
given case the highest grades are the most crit- 
ical and the secondary grades less critical. Items 
in italics are most critical. 

Group I; Merars. Alloy iron, aluminum, 
aluminum pigments, brass, bronze, cadmium, 
chromium, cobalt, copper, iridium, lithium, 

magnesium, molybdenum, nickel and nickel 

alloys, steel, tantalum, tin, tungsten, tung- 
sten carbide, vanadium, wrought iron, and 
zine, 

The supply status of certain steel prod- 
ucts in Group I is: Very critical — alloy 
and shell steel, steel plates, structural steel 
and piling, seamless tubing 4 in. and under, 
wire rope, tinplate, stainless steel, Critical 
items are: Sheets and strip, wire products, 
black and terne plate, rails and reinforcing 
steel, semi-finished (Continued on page 414) 
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Appraisal of NE Steels 


in terms of old types 


By Francis B. Foley 
of Research Dept. 
Co. 


hilade!phia 


HE HARDENABILITY of steels of various 

compositions is a property which is now 
being used by engineers in addition to the usual 
of physical properties chart to indicate 
what may be expected when the steel being 
studied is treated in sizes larger than the con- 
ventional t-in. round used in the compiling of 
physical properties charts. GrossMANN and his 
associates have shown, in various recent con- 
tributions to @ Transactions, how the data 
obtained in a hardenability test can be used to 
predict mass effects in heat treatment and how 
the data from a large number of hardenabilits 
lests of steels of various compositions can be 
used to predict the hardenability of untested 
hypothetical or actual compositions (see Mera 
Phocress’ Data Sheet for July, page 81). 

All the elements commonly encountered in 
the composition of the usual run of engineering 
structural steels contribute to their hardenabil- 
ily excepting sulphur. Cobalt is cited usually 
as the exception but it is never used as an alloy 
n the steels under discussion. Various com- 
binations in various amounts of the elements 
produce a tremendous number of possible alloy 
‘eels, each varying in some degree from the 
others in this property of hardenability. The 
srain-growth characteristics (austenitic grain 
size before quenching) also enter as a variable 
affecting hardenability. 

The purpose of this article is to suggest a 
method of evaluating the relative hardness of 
‘eels from a minimum of data. 

A family of Jomixy end-quench hardenabil- 


itv curves is shown in the diagram on page 387 
of this issue which covers a single type of alloy 
steel (carbon-molybdenum) of various carbon 
contents. They give two classes of information 
which are used in two derived curves. 

First of all the intercept of four end-quench 
curves on the zero axis gives the maximum 
hardness obtained in the Jominy end-quench 
test for each of the carbon contents tested. 
These points may be plotted against carbon con- 
tent to obtain a curve showing the maximum 
hardness obtainable for any carbon content of 
this tvpe of steel. 

Families of similar curves have been deter- 
mined for a number of different alloy steels 
(including numerous examples of the National 
Emergency series) and when the maximum 
hardness values for a given carbon content are 
plotted the points in Fig. 1 result. The solid 


Fig. 1 Vavimum Hardness at Quenched End of 
Jominy End-Quench Bar, of Numerous S.A. and NE 
Steels, Plotted Against Respective Carbon Contents. 
Dotted line is relation between carbon content and 
maximum quenched hardness as determined by Burns 
et al. in the @ book “Hardenability of Alloy Steels” 
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Range of Analyses in Steels Studied 


TYPE MN Si NI 


0.60 to O80 0.20 to 0.35 
1.3 to 1.6 0.20 to 0.35 


S.A.E. 4300 
NE 8500 
NE 8700 
S.A.E. 4600 
S.A.E. 4000 


0.60 to 0.80) 0.20 to 0.35 
0.70 to 1.0 0.20 to 0.35 


1.65 to 2.0 


0.75 to 1.0 0.2010 0.35 0.60 0.40 to 0.60 0.20 to 0.30 
1.65 to 2.0 


curve passing through these points gives 
the carbon-hardness relationship and indi- 
cates that within experimental error of 145 
points, plus or minus on the Rockwell C 
scale, the relationship is independent of 
the alloy content. As already noted these 
points were all obtained from charts of 
S.A.E. and NE steels obtained by different 
investigators and which have been issued 
by the American Iron & Steel Institute dur- 
ing the past several months as “Supplemen- 
tary Information on Alloy Steel, Section 
10.” The maximum hardness indicated for 
a given carbon is not as great as that given 
as maximum possible hardness in curves of 
the same type published heretofore, and 
shown by the dotted curve in the same 
figure, because the quench in the Jominy 
end-quench test on a 1-in. bar is not as 
drastic as is possible on a somewhat 
smaller piece. 

The next set of data to be derived 
from hardenability curves such as 
shown on page 387 produces the curves 
shown in Fig. 2, 3 and 4. Curves such 
as these are derived by taking from 
the end-quench curves for steels of 
each carbon content the distance from 
the end at which a hardness of Rock- 
well C-50, 40 or 30 respectively was 
obtained. These distances are plotted 
against the corresponding carbon content 
and produce a curve representing the effect 
of carbon on the hardenability of this alloy. 

All of the curves in Fig. 2, 3 and 4 were 
obtained in this way from the same source 
as the data used in Fig. 1. Composition 
ranges are given in the table above. 
Note that the curves for all types of alloy 
steels in these figures converge to a com- 
mon carbon content on the horizontal axis 
(zero-distance or face of the quenched 
specimen). This point (C 0.28 for C-50, 
C 0.14% for C-40 and C 0.05 for C-30) is 
the maximum carbon content capable of 
attaining the hardness represented by the 


Distance from End in Ye" 


figures, and may | derived 
from Fig. 1. 
Cr Mo With Fig. 1 establis, 
0.60 to 0.90 0.25 to 0.35 the zero-distanc: point 
0.40 to 0.60 fixed for Fig. 2, 3 ang 
0.20 to 0.30 Now, to determine the 
0.20 to 0.30 tive hardenability of a », 
steel it is necessary to ha 
a single determinat) 
made at, say, carbon 0.30 or O40, or at most ty 
determinations at, savy, carbon 0.35 and 045 
place the curve for the new steel with referene, 
the others of known hardenability. 
40; 
2/n 
50 | 
20} 
Tin 
AE. 
10 _ SALE 
O 
40 
Rockwell C-40 NE 8500 
SAE. 4300~ 7 
Ni 2to 23 
08 to 10 
20 lo O35 040 NE 8700 
In 
10 
— 
Hockwell C-30 
+2 IN M 2023 NE 8700 
30 Cr 08 to 10> 
Ni40 Mo .35 to.40 
Crié 
20 f 
10 A 


Q30 040 
Carbon, Ye 


0 


Fig. 2, 3, 4 Influence of Carbon on the Harde! 
of Several Alloy Steels. “X” on 0.30% carbon « 
represents a plot for an off-heat of NE 8700 | 


manganese and nickel) and indicates that its ! 
to heat treatment will approach that of S.A 
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How ‘his method of plotting may be used is 
istra in evaluating the hardenability of a 

see} such as the one producing the Jominy 

14 ve | 5. This steel differs from the 8700 
ries of National Emergency steels in that its 


»nwanese and nickel are both high. By deriv- 
» the distances for C-50 and C-40 from Fig. 5, 
d plotting them on the 0.30 carbon vertical 
iv, 2 and 3 respectively, it develops that this 
pe of steel approaches the S.A.E. 3200 series in 
rdenability and has better response to hard- 
ng than NE 8500, 

Curves such as these may be made up for 

v of the steels that have been in production 
an individual plant, and whose treatment and 
esponses are thus well known. They are then 
eady for use in many ways. Note, for example, 
w some curves in Fig. 2, 3 and 4 swing upward 
their ends, denoting that the depth hardening 

f some types of steels increases very rapidly 
ih increase in carbon content, whereas in 
hers — plotting as a straight line — carbon has 

mm relatively little effect. 

— lf one plots such a series of curves for a 

ven type of steel, he may then match harden- 


End-Quench Hardenability Curve for Off-Heat 

VE 8700 Steel, High in Both Manganese and Nickel. 
fext indicates how its response to heat treatment 

easily be appraised, in relation to the performance 
fumiliar steels, handled for years in production 


on Z + 
| Of Heat, 8700 
Quencned fram 1450% Grain Size 3 
Mn 2/ 
3 
O 73 
O 54 
Mo 027 
0 Yo 2 242 


Distance fram Quenched End, In 


vility results from purchased stock against it to 
“ermine any marked departure, and thus 
eck qui kly on the effect of variations in car- 
‘(and other elements for that matter) against 
pected performance. 


Then, by using tem- 
‘ure as a variable in the Jominy test, a 
ving Nine temperature may be arrived at which 
“ompensate for a departure from the hard- 
Hility characteristics established by standard 


ceduy 


Inspection of 


Spot Welds in Aluminum 


MERICAN Welding Society's Aircraft Resist- 
A ance Welding Standards Committee (Grorot 
S. MIKHALAPoy, chairman), in cooperation with 
Resistance Welder Manufacturers’ Association, has 
formulated some “Tentative Standards and Rece- 
ommended Practices and Procedures for Spot 
Welding of Aluminum Alloys” which have been 
approved as an emergency standard by the National 
Aircraft Standards Committee. It is a document 
containing as much text as a complete issue of 
Mera ProGress, and discusses fully the prepara- 
tion of the material and welding technique, stand- 
ards of quality, methods of testing and inspection, 
design of welded joints, the equipment, personnel 
and production engineering. From this mass of 
material, a few hundred words will be extracted 


bearing on inspection. 


STANDARDS OF INSPECTION should give posi- 
tive assurance both to the designer and the 
user of aircraft that the welding present is in 
accordance with the prescribed standards of 
quality and that all welding which for some 
reason may not meet with these standards is 
either rejected or salvaged by suitable repairs. 

The Inspector — Since a great deal of spot 
welding inspection must be visual, a high degree 
of skill and experience is required from a keen- 
eved inspector if he is to exercise his job with 
efliciency and dispatch. For this reason it 
should be a full-time job. 

The execution of routine tests imposes time- 
consuming duties on the inspector, irrespective 
of the quality of the welding produced. Never- 
theless, he should have considerable time free 
from this routine, during which he may observe 
the operation of the equipment, its personnel, 
and the general functioning of the department, 
and therefore be able to advise the operator or 
supervisor at the first sign of incipient trouble. 

An inspector’s mentality should be such 
that he should regard himself and his job as 
one where the ultimate quality of the product 
can be best secured by his cheerful and helpful 
cooperation with the entire production depart- 
ment personnel and his capacity for constructive 
rather than destructive (Continued on page 418) 
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omposite Railroad Bearing 


By E. S. Pearce 


President 
Railway Service & Supply Corp. 
Indianapolis, Ind. 


AVING BEEN ASSOCIATED with the serv- 

ice and operation of railroad journal bear- 
ings on a large number of railroads for several 
vears, although not a manufacturer of the bear- 
ings themselves, the report by the Advisory 
Committee of the National Academy of Sciences 
to the War Production Board on “Secondary 
Copper for Bearings”, printed in Progress 
for August, has been most interesting and infor- 
mative. I was particularly impressed with Para- 
graph (d) of the report, under Recommended 
Procedure, for the reason that this is an actual- 
itv at the present time. The recommendation 
may be restated here: 

“(d) That an insistent and rapid effort be 
made by a joint conference of competent engineers 
in the railroad, bearing and automotive industry, 
to design and study in service a bearing requiring 
no change in existing boxes wherein the major 
portion of the bronze back is replaced by a malle- 
able iron casting or other material, more available 
than a 70° copper bronze.” 

It happens that several vears ago Railway 
Service & Supply Corp. started a research pro- 
gram for the purpose of improving the per- 
formance of railroad car journal bearings 
although, as stated above, we are not bearing 
manufacturers. We built a very complete test 
plant upon which we can operate a full size 
514%10-in. journal under any conditions of 
speed, load and temperature, and obtain data 
as to temperature rise and power losses. We 
therefore have a great amount of data on this 
subject accumulated over a period of ten years 
and have, incident to the work, developed sev- 


Conserves Copper; 


eral improved railroad bearing constructi 

For this reason we were able to subn 
tested and proved design of railroad bea 
interchangeable with the present Ame: 
standard but using much less non-ferrous m 
when we were called into conference with 
ing manufacturers and railway maintena 
engineers in January. This meeting 
arranged by the Association of American I 
roads at the request of the War Produ 
Board, probably as a result of the Nati 
Academy’s Recommendation (d), and was as! 
lo instigate a prompt program for the conse! 
tion of copper and the other strategic metals 
railroad use. 

The first thing this conference did was 
change immediately some dimensions o! 
standard bearing. These changes wer 
overdue, as some details on the old bearing 
known to encourage replacements, Service > 
tistics show that eight causes of replace 
accounting for 57‘ of the bearings used. 
primarily affected by material, dimensiona! 
manufacturing conditions. Only of the 
ings were removed because they are “wor! 

The Committee’s work producec 
so-called “modified car journal bearing’, “! 


) 


became standard for freight cars Jan. ! 
additional modification known as the 
gency bearing” was made and adopted Ay 
which further reduced the weight o! 
ing; it is now about 4 Ib. lighter th 
standard A.A.R. bearing. This, ap| rentlh 
the limit to which weight can be ren 
the old standard bearing. 
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remperature Rise (’F.) After 8-Hr. Run 4. It must have an assured continuity of operation and 
an equal or greater factor of safety than the present bear- 
} SpeEeD, MILES PER Hr. 
Ri ing, Which must be capable of demonstration relatively 
MEASURED 40 60 80 100 quickly. 
lo meet these conditions, Railway Service & Sup- 
Stand ,.A.R.| 132 178 204 262 ply Corp. submitted the bearing shown in the drawing, 
> Composite 118 §6158 «6192 86236 and developed a pilot plant for its manufacture. In this 
if ring io bearing we incorporated sever: » deve 
Standard AAR. 122 165 | 198 237 
Composite 110 146 180 © §©220 we had studied in four previous designs. We have had 
Voda several vears’ service experience with many of the fea- 
Standard AAR, 163 tures, as they have been incorporated in bearings of 
posite 80 108 134 162 
Bos which many thousands are in service. It also fits the 
st 55 81 % 113 tecommendation (d) so specifically that it consists of 
Composite 13 oo he 90) a fairly thick malleable iron adapter and a brass laver 
°; In. thick lined with 4, in. of babbitt. The adapter has 
a the physical shape and dimensions of the present bear- 
hicall ing, so it assures interchangeability without modifica- 
ht must depend on a radically dif- . . . . 
tion in the box assembly; like the conventional wedge, 
rent design. Four major conditions, 
| it will be a permanent part of the journal box assembly. 
, Phe mechanical and stores forces will handle an 8.37-Ib. 
|. The bearing must be interchange- bearing in the dl, 10-in. size instead of the 25.89-lb. 
with the present bearing on the sp« ; . 
bearing which they now handle. 
no collateral or auxiliary changes in 
: Comparison of this composite bearing with the pre- 
her related parts of the journal box 
bk vailing standard illustrated in August Progress, 
page 223, gives the following weights of strategic 


» No additional or involved opera- 
metals: 
sin application or removal of the bear- , ; 

PRESENT STANDARD ComPpostTt 


s from the journal must be required. 


Co 15.78 Ib. 133 Ib. 
+. The structure to be adopted must be — 9: a> 
sible of widely distributed production lead 8.39 3.69 
lacilities now in existence, possible of Antimony 0.47 none 
luction on a quantity basis, and employ Total 25.89 Ib. 8.37 Ib. 


ttle critical materials as possible. 


The malleable iron adapter weighs 9.19 Ib., so the 
total weight of bearing and adapter is therefore 17.96 
Ib. compared to the old (1941) standard bearing, 

which weighs 25.89 Ib.. all of which 


' Section X-X is strategic non-ferrous metal. 
Section B-B , This should be attractive 
prospect for conservation. When 
KX one is notified by the War Produc- 
tion Board that copper its 
20025 
2 " allovs may no longer be used in 
le | non-current carrving parts of clec- 
296" —_ 216—4 ¥ trical f itl tificati 
* rical fuses, and the justification is 
“| TTI md of 64°R + viven that such a change will save 
t = & 1200 tons of copper annually, one 
a 
wonders why more pressure is not 
being brought to bear on such a 
4 
+t ‘ large source of recoverable copper 
— as railroad bearings. My figures 
: 
Se" (Continued on page 416) 
= | 
= + Composite Freight Car Bearing That Utilizes Malleable 
Section Y-Y Iron Back and Relatively Thin, Babbitt-Lined Bronze 


the Non-Ferrous Metals in the Present Standard Bearing 


| Non- Ferrous Material Bearing (the Replaceable Unit) and Saves Two-Thirds 


“Length of Slot 
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Suitability of Alternate Steels for Aircraft 


Parts 


By A. C. Willis 


Ond Lt., Army Air Forces 


and Morse Hill 


Materiel Center, Wright Field 


ATIONAL EMERGENCY STEELS have been 


designed for the conservation of the stra- 


tegic alloying elements, nickel, chromium, vana- 
dium, tungsten and molybdenum. Although the 
actual total alloy content of these steels may be 
Ge equal to or exceed that in the older “standard” 
accomplished by a better 
added alloying elements 


steels, conservation is 


balance between the 


a and those which are present to an increasing 
oe extent in the scrap returning to the mills for 
a. remelting. Due to the large increase in alloy 
Fis steel consumed in the munitions program, this 
ee return scrap is becoming richer in all of the 
* alloying elements, and the necessity of using the 


Ty 2s emergency steels becomes more apparent. 

ha The NE8000 (National Emergency) series 
| of steels is a tribute to the technical skill of the 
American metallurgists and their accumulated 


complex, low alloy steels have been designe: 
to meet the requirements for performance. 
conserve the strategic elements and to mak 
available a larger tonnage of steel for the armed 
forces and the auxiliary civilian effort. In add 
tion to the NE8000 series, other steels such as 
the carbon-molybdenum S.A.E, 4000 steels, 
which have been used by the automotive ind 
try are being studied for their application to | 
aircraft industry. Likewise it is probable 
other new steels besides the NES8000 series 
be developed. All these steels will be referre 
to in these reports as “alternate steels”. 

For the aircraft industry, the quality 
steel is more closely restricted than for ma 
other uses, and specifications for the alter 


aircraft must ine! 


steels suitable for use 


more than chemical composition. Specilicalions 


ae knowledge of the specific effect, the correct and established by the Government and by the AV 
Sd balanced combinations, and the intensifying craft Materials and Processes Coordinating Su! 
a action of each alloying element. These new, division of the Society of Automotive Enginec!s 
ay: Table I — Tentative Alternates for Bar Steel, Aircraft Quality 
CHEMICAL COMPOSITION (a) 
SPECIFICATION A.M.S. SPECIFICATION 
+ MN NI Cr Mo 
AN-S-9 0.35 to 0.40 0.75 to 1.00 0.20 to 0.30 Alternate for aircraft bolts, 
*. (4037) under, of 2330 steel 
2 A.M.S. 6280 — 0.27 to 0.33 0.70 to 0.90 0.40 to 0.60 0.40 to 0.60 0.15 to 0.25 6370 °4130, Cr-Mo * 
(8630) 
A.M.S. 6320 — 0.33 to 0.38 0.75 to 1.00 0.40 to 0.60 0.40 to 0.60 0.20 to 0.30 6310 4635, Ni-Mo)*; 6350 
(8735) Cr’: 6380 [4138, Cr-Mo 
A.M.S. 6322 to 0.43 0.75 to 1.00 0.40 to 0.60 0.40 to 0.60 0.20 to 0.30 6312 (4640, Ni-Mo)*; also 
(8739) Ni-Cr]; 6380 [4138, Cr-Mo ; 
6150, Cr-V}; 6382 (4140, Cr-M 


Silicon 0.20 to 0.35%; phosphorus and _ sul- 


(a) 

ee phur, each 0.0406 max. 

wae (b) A.MLS. specifications for which tentative alter- 
Y nate steels are suggested for investigation. 


*Matter in brackets has been added b) 
of Procress, as a ready (but not exa 
tion of A.M.S. specification compositions @ 
A.LS.I. steel analyses. 
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29a and 2b Properties of A.M.S. 6280 260 ) 
VE8630, a Possible Alternate for the “Stand- AMS. 6280 , SAE 4130 
Steel S.A.E. 4130 (AN Specification) ©42 (~~ {NE 8650, | Specilication AN-QQ-S-684 
220 0530-in Bars | !-In. Rounds 
(1650? Normalized (1650°F ) 
: Nd Oil Quenched 
‘he so-called A.MLS. or “Aeronautical Mate- 200 yp 1525 
| Specifications”) have been used in the = 180 \ Tensile Strenath 
‘ 
st for “standard” steels, and similar quality < ensile 
»ecifications have been or will be prepared 160 
r the alternate steels. 140 |— Strength 02% View s008 
fransition to these alternate steels will 120 ry 
4 
quire that data are obtained and studied on . GOR’ 
‘he mechanical properties, forgeability, weld- 100 Brine 300% 
vility, machinability and other factors affect- ONGSS 
rhe high requirements of the industry need not 60 
lowered, and there is no implication that Impact 40 
‘hese steels will not fulfill the high standards in Elongation 20 S 
previously established. [It is to be understood | — — S 
053 
vy contractors, of course, th ut th applic ation of 600 800 i000. 00600 800. 1000. Roo * 
iternate steels in specific parts is subject to Drew Temperature, F 
pproval by the procuring agency. | 
(he Army Air Forces have initiated a pro- The chemical compositions given in A.MLS. 
cram for gathering, analyzing, condensing and specifications, as shown in the accompanying 
# istributing the results of the investigations of Table I, were recommended by the Technical 
‘hese steels in order to expedite the utilization Advisory Committee for Acronautical Steels, "y 
f the alternate steels in the industry. This organized by the Bureau of Industrial Conser- 
report (Serial No. 4799, dated July 9, 1942) is vation, War Production Board. The data on 
e first of a series growing out of this pro- physical properties have been obtained from the 
cram, and deals with steels procured in accord- reports of several industrial organizations? and . 
e with the following specifications: AN-S-9, laboratory tests at the Materiel Center. An effort ; 
\.MLS. 6280, A.M.S.63820, and A.M.S.6322. Reports has been made to bring out all of the signifi 
rom industrial concerns having laboratory cant facts and to present them in a form that 
‘acilities and technical staffs, the results of lab- can be readily interpreted. 
ratory testing at the Materiel Center, and other The testing conducted by the Army Air 
factual information, are Forces at the Materiel Center followed 
mbined to give a com- 260 an accepted and standardized pro- 
rehensive analysis. The 240 SAE 4037 cedure, and because it is typical of the 
| steel producers and fabri- Specification AN-§-9 testing by industrial and professional 
‘lors are urged to coop- 220 — Water Quencheo organizations, it will now be briefly 
erate with this program 200 Tensilé } outlined: 
DV submitting additional & St yt Yel The Materiel Center procured one 
formation of practical Strength lot of (8735) and A.MLS. 
value regarding physical — 
ropert ge * ‘To obtain further data, the fol- 
~ enability, 140 >= lowing were abstracted: 
eat tre: REQUIPEMEMS AN ns 
realment practice, HN ws 1. American Iron and Steel Insti- 
AN-QQ-H-201 
whinability, forgeabil- 120 T | rs 40 = tute, “Contributions to the Metallurgy 
ty « Steel, No. 5”, January, 1942. 
mportant 308 2, Climax Molybdenum Co.,, 
~ . ” 
portant to the adoption & “Molybdenum in Steel”. 
the aircraft industry. 3. Curtiss-Wright Corp., Airplane 
, 50 Division, Report No. 42-55, March 13, 
Reguetion 1942. 
Nye 
Pe . sile Properties of Car- Of Aréa 40 = 4. Packard Motor Car Co., Air- 
m Steel 1037. Normal Elongation — 205 craft Engine Dis isi n, Report No. 
as given in Ordnance & RR-48, April 29, 1942. 
sued May 5, 1942. (See a 5. Republic Steel Corp., Report 
Mr. McCleary’s article 600 800 J000 00° No. 5984-11 printed in Merat Proc- 
” ' the data sheet, p. 389) Draw Temperature, F ness, June 1942, page 793 
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Fig. 3a (left) A.M.S. 6320 Steel as Tested at 24 r 

Wright Field (Full Line) and by Packard Motor AMS. 6320 

Car Co. (Dash-Dot Line). Fig. 3b (right) 220 Wb Bars 

1 Comparable “Standard” Steel 4140 Normalized: 1550- 
1600% ; Oil Quench 

from 1550 F | 


7 A 


Specificat 


180 
6322 [8739] steels as 1!,-in. rounds 160 RNG Yield 
from the Copperweld Steel Co. Grain & 
size of these steels was determined 140 


by AS.T.M. specification E19-39T, woln| Tensile 

Rockwell Hardness 4 

Method A. Bar specimens were slot- —— Vy ra 
100 

ted, then heated one hour each, and Rockwel) Ho 

broken for grain coarsening deter- /z0d Impact 


minations. 
A suflicient stock of the two. steels 


was then normalized at 1650° F. to pro- Reduction 
vide material for hardenability, tension, _ OF Aréa 


YALL 


Imn 
./Z06 


Reduction of Area, 


impact and fatigue specimens. Jominy 
hardenability tests were conducted, and a E/ongation 
bar 38 in. long from each lot was quenched 600 B00. 1000. 200 600 800 
in Oil for traverse hardness tests of the Draw Temperature, or 
central portions. 
Standard tensile, Izod) impact, and 
rotating-beam fatigue specimens were rough impact and fatigue tests. Values from th 
machined from both lots, 0.020 to 0.0350-in. over- sile tests can be used as satisfactory crite 
size, quenched in oil, and drawn at several tem- compression and shear. Impact is used 
peratures. After finish machining, tensile tests measure of the notch sensitivity of the ste: 
were conducted, and Izod impact specimens may be affected by low temperatures 
were broken at both room and sub-atmospheric tests have been made on the “standard” si 
temperatures. Tests at) sub-atmospheric tem- at sub-atmospheric temperatures and non 
peratures were conducted in a cold) room in indicated an appreciable effect on th 
Table If — Analyses of Steels Tested in Fig. 1 to 4 
(iRAIN 
iG. DESIGNATION MN Si S Ni Cr Mo | DATA 
1 S.A.E. 4037 Normal expectancy of standard analysis ... Ordnance Dept. Cha 
1942 
6280 NE S630 0.30 0.250.014 0.015 0.42 0.49 0.22 7 to 8 Republic Steel Corp 
2b 4130 Normal expectancy of standard analysis. ...... ... Climax Molybdenum ¢ 


0.33 O86 O31 0.009 0.012 O46 0.21 Wright Field 


Sa A.M.LS. 6320 NE 8735 0.34 O87 O28 0.011 0.010 0.48 0.50 0.20 4to7 Packard Motor Car ¢ 


3b S.A.E. 4140 Normal expectancy of standard analysis........... Climax Molybdenum ¢ 
ha A.M.S. 6322 NE 8739 0.43 0.82 0.31) 0.015 0.012 0.46 0.24 7 Wright Field 
0.40 0.94 0.28 0.016 0.028 0.57 0.48 0.26 Packard Motor Car 
0.42 O85 0.29 0.011 0.015 0.50 0.51 0.23 Sto7 Packard Motor Cat 
fb S.ALE. 4640 Normal expectancy of standard analysis.... ... Climax Molybdenum ¢ 
Which both the testing machinery and the speci- and fatigue properties; therefore, suc! 
mens were at the temperature selected. Fatigue not included in the laboratory work 
studies have been started but the results are Materiel Center.) 
not vet available. The tests at the Materiel Center we! 


ducted in accordance with Federal Sp 


Tensile Properties QQO-M-151, General Specification for 


of Metals, on specimens heat treate 


The properties usually used in design are 0.520-in. diameter. 


those determined by tensile, compressive, shear, Properties as determined on ly 
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ile es (quenched and drawn at various on comparison of the curves; however, it should 
emper: s) by the Materiel Center and by be remembered that the variability, heat to heat, 
» laboratories listed in the footnote are shown of the standard steels is appreciable and that 
: rig, J to 4. Curves for some “standard” steets the variability of the new steels may be some- 
re placed alongside, in order to judge quickly what greater due to the lower alloy content. 
yp comparative properties of the alternate [Observed values, therefore, may straddle the 
joels tested. Actual chemical compositions of indicated lines. | 
P he steels tested are listed in Table IL. Tensile properties of the alternate steels 


compare favorably with the standard 


ig _ Three Heats of AM.S, 6322 Steel NE8739) as steels. This is true even though the A.M.S. 
es Wright Field (Fall Line) and by Packard Motor 6320 |NE8735| steels tested by Packard 
Lo. I ib A Comparable “Standard” Steel S.A.E. 4640 and at the Materiel Center are at the low 
0 XN side of the carbon range. 

|_| ‘SAE 4620 A quite definite vield point was 
Fa 1-In. Rounds bserved in the testing of both A.M.S.6320 
Normalized at 1600-1700 F: |NE8735| and A.M.S.6322 [NE&739) after 
7 1G00 -1650 Oi! lencheg 
201 Quencned from From 526 drawing at 1000° F. However, in all 
525 FE 1525 °F instances the vield strength at 0.002 
Tensile in. per in, was indicated on the charts. 
— Tensile Strength 
“| 
7-H-2 
508 Notched-Bar Tests 
02% Yield C5 
Impact properties were deter- 
Ul Rockwell Haranes? 308 mined for the various draw tempera- 
tures in the steels tested at the 
Reduction Materiel Center, As with the tensile 
Of Aréa 60S values these steels showed great 
40° similarity to the corresponding stand- 

25 ard steels. 
Frongation Elongation Some plain carbon steels jose 
notched-bar impact strength rapidly 


60 800 1000 1200 600 800 1000 100 
Draw Temperature, F 


For the “standard” steels, the values given 
Army-Navy Aeronautical Specification 
\N-OQ-H-201, Process for Heat Treatment of 


rd steels and their alternates will be observed 


all medium 


with decreasing temperature. Steels 
6520 [NES735) and 6322 |NE&739) 


were tested after two representative heat treat- 
ments. The results are shown and compared 


Steels (Aircraft), are shown as a dashed line. Fig. 5 Notched-Bar Tests at Decreasing Tempera- 
Certain related tendencies between the stand- tures. At left are alternate and standard steels after 
heat treatment to 150,000 or to 200,000 psi. ultimate 
strength; at right are tests of several standard steels 


hard, and of NE8630 at similar hardness 


60} AM 8 6322 (NE 8739) 


SAE 4640-; 


AMS. 6322 [NE 8739] 


AMS. 6320 


> 
? 


SAE 4037 - Brine! 267 to 282- 


SAE. 2330-Brinell 277 to 284 


SAE 2330-Brinell 302 ta 307 


2 


-40 


-20 OQ 20 40 &0 80 -6 
Temperature, 


September, 1942; Page 373 


3 

| 

Tensik 
4porox 
= 
| 
+ SA f 1 135 - Brine. 50 t 
L | | 


Table Il — Tensile Data on S.A.E, 4037 Bolts Table IV — Double Shear Data on S.A.E. 1037 Boy, 
NoMINAI Root Maximum Loap Loss Nomina SHANK Maximum Loan ML 
DIAMETER (AVERAGE) SPECI oft Siz! DIAMETER (AVERAGE) rue 
Spec. AN-B-3 Spec. AN-B 
1, x28 0.209 in, 2,480 psi. 4,080 psi. 4% x 28 0.2465 in. 9,316 psi. 7 Ips 
x 24 0.324 12.640 10,100 33,200 20 4 
x20 0.436 23,090 18,500 
Bolts passed a bend test of 180° over owy diane, 
with similar tests on some of the older steels Center for testing; results are given in Ty! 
in Fig. 5. Both steels retained their impact V. Low temperature impact tests were 4) 
resistance well. As with most other tests reported made on bars from Union Carbide and | 
here, the values are for one heat only and do bon Research Laboratories and the results ») 
not indicate the variability which will occur. plotted in Fig. 5b. Analysis of the A.M.S.628 
steel NE8&630 | was: O.304° carbon. (80 
Tests on Aircraft Bolts manganese, 0.25°° silicon, 0.014 phosphorus 
0.015%. sulphur, 042° nickel, chrom 
Miscellaneous tests have been made to deter- and 0.22% molybdenum. 
mine the suitability of Specification AN-S-9 steel 
(S.A.F. 1037) for use in aircraft bolts. Tests at Hardenability 
the Materiel Center for shear and tensile values 
conducted on such bolts fabricated by the Lam- The above data have shown that, wi 
‘ son & Sessions Co. indicated that this steel was lested in the form of small bars, the phys . 
Ag suitable for bolts to *, in. diameter inclusive. properties of the alternate steels are compar 
ie Results are shown in Tables HT and TV. ble with those of standard steels. However, | 
i 3 Curtiss-Wright) Corp., Airplane Division, some uses it is necessary that these proper! 
s states that bolts and test bars of Amola 269, be developed throughout fairly large sectio 
ae Whose composition approximates that of AN-S-9 The best measure of the ability to do this is 
ip steel, conform to the requirements of Specifica- Jominy hardenability test; with this appara 
tion 29-59B, Aircraft Bolts (new Specification it is possible to eliminate all variables exce 
AN-B-3).* those of heating procedure and inherent har 
Bars of A.M.S.6280 (NES&630) steels were enability. For this reason hardenability tests 
heat treated by the National Lock Co. in the have been made in this manner on some ot | 
sizes used for bolts and sent to the Materiel steels which have been used and some ol 


comparable alternate steels, and the results 
plotted in Fig. 6. It will be noted that in 
case of S.A.E. 4130 and S.A.E. 4140, whe 
more data are available, the hardena! 


*Editor’s Note See also the article and data 
sheet on Amola Steels on pages 386 and 389. 


be ities have been shown as bands bounce 
SAE 23350 by actual curves observed in testing. 
50 | width of these bands for well-know 
SAF 4640 ” indi 
standard” steels indicates that the 
40 ability to be expected in the newer st 
need not be a serious difficulty in ty 
§ use. All the steels were heat treated 1) 
S 
> Fig. 6 — Jominy Hardenability Tests on a Few | 
SS 20 nate and Standard Steels of Following 4 
x 
8 STEEI Mwy Sr P Ss 
S.A.E. 4140 0.44 0.75 0.014 0 
0.40 0.73 a 0.014 7 
10 S.A.E. 4130 0.34 0.76 0.22 0.016 0.017 
0.25 0.50 0.18 0.010 0.010 O 
M.S. 6322 0.43 0.82 0.31 0.015 0.012 
4 S_A.E. 4640 0.41 0.69 06.30 : 1.86 
Y2" S_A.E. 2330 0.29 0.61 7 4] 
S_A.E. 4037 0.40 9 53 
0 10 20 30 40 AMS. 6320 0.33 0.86 0.32 0.009 0.012 0.4 
A.M.S. 6280 0.30 0.80 0.25 0.014 0.014 0.42 


Sixteenths of an Inch fram Quenched End 
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ie V — Tests of A.M.S. 6280 [NE8630] Bolt Bars 


found to be 1750 to 1800" F. Thus it 


Ta 
; appears to be possible » select : 
Pl | be pr ible te elect a 
SPECIFICATION quenching temperature which will 
WAL IN Iv. REQUIREMENT develop the maximum hardenability 
UAI 0.203 0.433 0.667 
in all heats for each manufacturing 
Draw temperature 1100° F, 1050° F, 1025° F, operation. 
strength (b) 134,600 134,200 129,400 125,000 . 
as With respect to the drawing tem- 
Vield strength (b) 125,500 123,900 116,000 96,000 
Elongation in 4D (b) 20% 18.5% 17% 17° min. perature the situation is less simple. 
Reduction of area (b) Not measured 61% 50° min. Even within the small number of 


\ll bars quenched in oil at 100 to 110° F. from 1525° F. 
\verage of four values with maximum deviation of 4°, 


manner Which appeared suitable to develop 
their maximum hardenability and were nor- 
nalized prior to testing. 

In the steels which were tested at the 
Materic! Center, the grain sizes were found to 
be No. 7 and & The other steels whose hard- 


enability is here reviewed were also fine grained. 


Heat Treatment 


lhe work which has been done on the effect 
f heat treating temperature and drawing tem- 
perature is summarized in Table VI, which 
shows probable temperatures required for cer- 
lain tensile properties. Experience with A.M.S. 
|NES8735|) and A.M.S.63822 |NE8739] at the 
Materiel Center has indicated that the quench 
ieomperatures may vary over a range from 1475 
to 1600" F. without affecting the hardenability. 
ln these steels the grain coarsening range was 


heats here presented, there is much 
variation in the draw temperature 
necessary to develop a particular ten- 
sile strength. This probably is due in 
some degree to differences in laboratory pro- 
cedure, The general practice for heat treating 
these steels should follow the recommendations 
in Specification AN-QQ-H-201. 


Summary 


The laboratory tests indicate that the steels 
are suitable alternates for many of the aircraft 
steels which have higher nickel and total alloy 
contents. For example, steels conforming to 
Specification AN-S-9 were found suitable for 
bolts and screw machine parts *, in. and under 
in shank diameter. 

Aeronautical Material Specifications 6280, 
6320 and 6322 cover steels which are satisfactory 
for aircraft parts in which the desired physical 
properties can be obtained by heat treatment, 
provided the requirements for model tests have 
been satisfied. S 


Table VI— Heat Treating Temperatures, 'F., for Alternate Steels 


TEMPERATURES Draw TEMPERATURES FoR TENSILE STRENGTH Of} 
SPECIFICATION SOURCE OIL 
NORMALIZING | AN NEAL- Harpen- 100,000 125,000 150,000) 180,000 200,000 
Air Coot ING 
\N-S-9 (S.A.E. 4037) A(b) 1600 1525 to 2to 1125 1000 875 
1575 575 
\.MLS. 6280 (NE 8630) R 1650 1525 to 25 to 1150 1020 800 690 
1575 575 
6320 W 1650 1550 1220 1070 
Pp 1600 1550 1050 800 
(b) 1650 1525 to 1525 to 1200 to 1050 to S80 to 780 to 
1575 1575 1220 1070 900 800 
6322 Ww 1650 1525 1260 1100 1000 
P 1600 1525 1110 960 870 
P 1600 . 1525 1120 970 870 
(b) 1625 1500 to 1500 to 1240 to 1100 to 970 to 870 to 
1550 1550 1260 1120 1000 900 


urces of information: A, Specification AN-QQ-H-201, Amendment 1. 
R, Republic Steel Corp., Laboratory Report No. 5984-11, April 14, 1942. 
P, Packard Motor Car Co., Report RR-48, April 29, 1942. 


W, Materiel Center data. 
commended temperatures in italics. 
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Case Depth Defined (?) 


HE EDITOR’S “dumb question” (“What is 

the meaning of the term ‘case depth’ and 
how do you measure it?”) was possibly asked 
to incite another note to MeraLtcturcicus’ Own 
Pace. (By the way, if you like it, send in your 
own notes; there’s a book of your choice for 
reward!) From a purely practical man’s view- 
point case depth is 

1. The part of a carburized low carbon steel 
part hardenable to C-50 or better. 

2. The part containing 0.45° carbon or more 
(microscopically estimated ). 

3. The case that etches dark in the soft con- 
dition or 

ft. Etches light after hardening. 

All four of these, in my experience, are 
closely similar, and represent the portion of the 
hardenable surface which is effective or useful 
for such purposes as warrant the carburizing 
treatment. 

METALLURGICUS 


Impact Specimens for Hardened Steel 


It is difficult if not impossible to obtain 
impact values from Izod specimens carburized 
and hardened to Rockwell C-60. Unnotched 
round bars have been used but localization of 
the break is almost impossible. I find that a 
grooved specimen, as illustrated, localizes the 
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Bits and Piece; 


break and gives values of suflicient m initud 
to record variations in case depth, grain size anc 
case microstructure. The dimensions are sy 
that the bar is 2 cm. diameter and the grovy, 
1 cm. at root. Groove was ground with Rad 
%A-1501 grinding wheel. 

An example of the effect of the case dept! 
is shown in the graph, where the full line is {) 


case depth and the dotted line is the percentay 


of the cross-section at the root which is cased 
Material was A 2317, grain size 6, carburized 
1700° F., quenched in oil, quenched again fr 
1520° F. and tempered at 325° F. Hardness was 
Rockwell C-63. 

The case depth was measured on a polishe 
microspecimen lightly etched with nital. Thy 
specimen is held up to a light bulb and th 
division between the high hardness case a 
the softer core is marked with a sharp lea 
pencil — or preferably a diamond pencil — 
then measured under a standard Brinell glass 
This gives an accurate measurement to al» 
0.50% carbon. (A. S. Jameson, Works Meta! 
lurgist, International Harvester Co.) 


Figuring Reduction of Area 


Ten tension tests are now being made fo! 
every one that was made in the piping days 
peace. Figuring the reduction of area ts som 
thing of a chore, alleviated only by extens 
tables, unless the following short cut is know 
making use of the formula 


R.A. 100 1 | 


where D is the original diameter of th 
piece and d is the diameter of the neck a! 
fracture. 

One setting on an ordinary slide rul 
sufficient. Its top face is, of course, gradue 
in four scales, A at top, B and € on the slic 
and D below. 

Procedure: Note D on Scale D; set ¢ aber 
it on sliding Scale C; read Scale B below 
of the 10 marks on Seale A; subtract ts fre! 
unity, and you have the reduction of 


Vetal Progress: Page 376 


. 
>The 
i 
} 
ages 
« 
t 
| 
| 
| 
ite 


} ple: D = 0.507 in, d = 0.362 in. Divide 
oscale D) by 0.862 (Seale C) and 0.51 is 
read Seale B against 10 on Seale A. In other 

equals (d D)*. 1 — 01 0.19 or 


words 
10 iuction of area. (N. J. Atteman, Asst. 
Prof. Engineering Materials, University of 


Illinois.) 


Use of High Lead Solders 


Solders low in tin are deficient in spreading 
quality. However, they are quite successful if 
, proper gas-air flame is used rather than a 
soldering iron. This practice involves the use 
f{ small pointed gas fires which heat both the 
work and the solder at points of soldering. 
When using a solder containing 97.25% lead, 
25° silver and 0.25°° copper, it has been found 
that natural gas fires do not produce satis- 
factory spreading. By adding hydrogen to the 
vas-air mixture, this solder can be made to 
spread satisfactorily. Also, this practice has 
been applied to a solder containing 95° lead 
und 5% tin with satisfactory results. 

Most artificial gas contains hydrogen, and 
thas been found that artificial gas-air fires can 
be so adjusted that some of the high lead sol- 
ders will spread. (Lamp Department, General 
Electric Co., Cleveland.) 


Soft Roots Corrected 


Facing a shortage in alloy steel, we started 
making 3-in. spline shafts from S.A.E, 1045, 
jung them from one end in a Hevi Duty forced 
onvection furnace and heated them scale-free 
i prepared atmosphere. We hardened verti- 
illy from 1500° F. in 10 brine for 60 sec., then 
‘oil ill cool, but we got soft areas at the root 
tthe splines. On sectioning and etching, a 
peculiar hardness distribution was shown. In 
‘he accompanying photograph light etching 
‘reas are soft, and dark areas hard; at upper 
right, the first two Rockwell readings are C-29, 
the next two €-52, and the next one C-35. 

We theorized as follows: In the initial brine 
juench the outer skin, even in the roots, trans- 
‘ors almost instantly to martensite at about 


Immediately behind this skin there is 


. 


‘area which, in cooling, barely “cuts the nose 


‘the S-curve” and begins to transform at about 

' During this period heat is being sup- 
Pied from the body of the hot metal to the 


outer skin, which in the meantime has been 


insulated by a pocket of steam in the roots of 
the splines. The surface there is consequently 
tempered to Rockwell C-29, the adjacent layer 
hardening to Rockwell C-52. (It is probable that 
the latter remains as under-cooled austenite till 
the shaft is transferred to the oil.) 

In this particular case adoption of a spray 
quenching fixture solved the problem. Rela- 
tively uniform surface Rockwells of C-50 to 55 
are now easily obtained all over the splines and 
distortion is within grinding allowances. By 
timing the brine quench to 1 min. no cracking 
has been experienced, (L. F. Trary, Metallur- 
gist. John Bertram & Sons Co., Ltd.) 


Finding a Little lron 
in a lot of copper 


As little as 0.05°° Fe can be quickly and 
simply detected qualitatively in a copper solu- 
tion (from which any Sn, Pb, Al, and Mn has 
been precipitatéd) by adding hydroxylamine 
sulphate or chloride (to form a colorless com- 
plex ion with the copper) and then adding 
ammonium hydroxide to precipitate the iron. 

Procedure To a slightly acid solution of 
copper and iron add 5 g. hydroxylamine sul- 
phate and stir until dissolved. Then add ammo- 
nium hydroxide (1:1) until basic (pH about 8). 
Allow to stand for 15 min. and then observe 
whether or not an iron precipitate in the form 
of the hydrous oxide is there. (ALBert C. 
Chemist, United States Metal Products Co.) @ 
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Tool 


Practice, Not Theory 


By Robert C. Stewart 


Metallurgist 
Apco Petroleum Products, Ltd. 
Toronto, Canada 


OOL HARDENING is only one aspect of heat 

treatment. Of course, other metal articles 
besides tools are heat treated, and tools (or 
toolsteel) may be heat treated for other pur- 
poses than for hardening, but any discussion of 
as large a subject as heat treatment must be 
limited in scope, so this will be limited to some 
practical aspects of tool hardening. 

Heat treatment is defined in @ Metals 
Handbook thus: “An operation or combination 
of operations involving heating and cooling of 
a metal or alloy in the solid state for the pur- 
pose of obtaining certain desirable conditions 
or products.” The heat treatment we will dis- 
cuss is for the purpose of securing that combi- 
nation of hardness, toughness, and abrasion 
resistance suitable for metal working tools, and 
this involves a heating to above the so-called 
critical temperature, where a_ revolutionary 
change occurs in the microstructure of the 
metal, a suitably rapid cooling to trap this 
unstable internal structure in the cool, strained, 
and therefore hardened tool, and a moderate 
reheating or tempering to relieve enough of this 
internal strain so the tool is less brittle vet not 
much softer. 

Tool hardening, consequently, consists of 
three phases, first a heating, next a quenching, 
and third a tempering. Equipment and good 
practice for these three operations will now be 


described briefly. 


Heating — In order to expedite work, tly 
rate of heating is often dangerously pushed | 
the limit, and this can cause damage, especial! 
in the larger blocks of metal. In good practic 
it is necessary to consider not merely the « 
age rate of heating, but the rate that is desi 
able, or permissible at each stage of temperatur 
rise, and as a matter of fact the rate of heatin: 
is seldom constant, and actually decreases as 
the work approaches the temperature of | 
furnace or surrounding medium. 

The actual heat absorbed when a piece « 
metal is heated to a given temperature is equa 
to the heat content of the mass at that tempera 
ture, i.e, about 300 British thermal unils pe! 
pound at 1800° F. Of course, only a small po! 
tion of the heat liberated in a fuel-fired furnac 
is absorbed by the metal — most of it goes ou! 
the flue in hot gas. An electrically heated fu 
nace of “cyclone” type is most efficient, wher 
the atmosphere is circulated in a tightly close 
system over hot resistors, through the work an¢ 
back again. 

If a piece of steel, initially free from int 
nal stress, is heated uniformly no internal sires 
will be set up. However, if the heating is 
uniform so that different parts of a_ pie 
acquire widely different temperatures a! 
time, the hot portions expand at a more rap! 
rate than the cooler portions, and interha 
stresses will be set up which will cause «is 
tion, and in a brittle or large mass of met 


1 
eTioU 


tor- 


may cause rupture during the heating-up | 


Common examples are the cracking of | 
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alt type of high speed steel during 


rbol 

‘i ini heating of the annealed material for 
harden or during the reheating of unan- 
ealed high speed steel. (Stress relief during 
‘ye early stages of heating will be described 


ter when discussing tempering.) 
| Uniform heating is favored by uniform 
wd slow application of heat, and the high ther- 
»al conductivity of the metal being heated. 
Slow application of heat means the furnace 
must not be tremendously hotter than the work 
entering it, and is the reason for preheating 
‘igh speed tools before introducing them into 
the high heat furnace. 

Holding at Heat — Usually a certain more- 
r-less definite period is required at the highest 
emperature at which a piece is heated, sufli- 
ient for the entire piece to come to a uniform 
iemperature, as well as long enough for desired 
hemical and physical changes to take place 
iternally, such as solution and diffusion of the 
arbides. When heated through the critical 
‘temperature range (1300 to 1400° F.) the micro- 
scopic particles of iron carbide which exist in 
the annealed steel dissolve in the surrounding 
ron very rapidly; some of the more complex 
arbides (like those containing vanadium or 
iromium) require much higher temperature 
nd longer time — say 1750° F. (even 2350 for 
the tungsten carbides in high speed steel). 

Overheating must be avoided, for it 
uvolves rapid “grain growth” and consequent 
embrittlement. It is well known that a steel 
wquires a new and very fine grain size when 
eated just through the critical. 
Higher and longer heats tend to 
ause “grain growth”, that is, the 
iverage grain size gets larger. 
Vroperly made toolsteels gen- 
erally contain elements that off- 
set this tendency until the steels 
ire grossly overheated — say, for 
‘long time at 1750° F. and above. 

Furnaces —Furnace equip- 
nent ts well standardized along 
‘he following general lines: If 
eating for tempering is below 


circulating air furnaces 


t salt baths are indicated. For 
‘eating up to 1750° F. electric 
‘sistor furnaces or oven type 
‘uel-fired furnaces are used, with 


Pair of Hayes Furnaces for 
ls in a Protective Atmosphere 


the following general efliciencies: Oven type 
under-fired will heat 35 lb. per sq.ft. hearth area 
per hr. Side-fired types generally heat about 
70 Ib. per sq.ft. per hr. Direct-fired types heat 


100 Ib. per sq.ft. per hr. For temperatures of 


2300" and over either fuel-fired or Globar type 
of electric resistance furnaces are used. 

Surface Protection The surrounding 
atmosphere, or heating medium, is important 
insofar as it affects the rate of heating, and 
causes or prevents chemical changes such as 
scaling, oxidation, or carburization to proceed 
from the surface inward toward the center of 
the piece. The reactions between furnace gases 
and hot steel are so complicated that often the 
best way is to exclude the gases entirely by 
heating the tool in melted lead or inert salt. For 
small installations, properly adjusted fuel-fired 
furnaces with slightly oxidizing atmospheres 
are satisfactory. Some allowance must be made 
for scaling, and while carbon is also lost from 
the surface of the steel (tending to cause 
“decarburized” or soft bark), the steel normally 
oxidizes at a faster rate than it decarburizes, 
and will quench out hard if the scale shells off 
during the operation. 

For materials like high carbon-chromium 
steels, copper paints such as Sel-car may be 
used to seal off the surface and prevent decar- 
burization. Packing the tools in protective cast 
iron chips is a well-known device. Small muffles 
cut from carbon blocks (Sentry “diamond” 
blocks) also generate a protective atmosphere. 

For more expensive installations incom- 
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pletely burned gas may be introduced into a also absorbs less heat when melting hat 


iS | 


nearly gas-tight muffle in such amount and com- say, it has a lower “latent heat of | usigy” 

position that the gas is in equilibrium with the this causes it to chill heavy layers of solid j, 

material being treated, or nearly inert to it. This on cold work just introduced (although . 

type of atmosphere and its composition are layers are more common in salt baths dy, 

largely dependent on local gas conditions, and their much lower thermal conductivity). Mol) 

manufacturers of equipment are well able to lead needs a charcoal cover, but docs yos 

advise. The Hayes “Certain Curtain” furnace the work nor corrode as do some salt hyo) 

a | (see Fig. 1) is heated by elec- Lead will not stick to 
toa fh tricity, and a pre-burnt gas work if it is mildly preheat 
. mixture is admitted through a and dipped in brine: the 


slot in the sill just inside the left when the water eva) 


| door. This gas-air mixture is rates forms a film wh 
prepared in a separate cham- me keeps the lead away. 

When work iS remo) 


from a salt bath, a conti 


ber cut in the refractory. lin- 


ing below the slot, and suitable 


ous film of salt is dragg 


eps valves and gages allow various 


combinations to be set out on the work, effectiy 


and maintained. The sealing out the atmosphe: 


Lindberg “Hydrizing” during the transfer to 


furnace actually hard- quench. This film read 
ens certain types of washes away during wat 


steel and brings them quench, but constitutes a 


out bright scale- siderable loss of mate: 

Fig. 2 Diagram of Lindberg Furnace 
| free, by using an With Inlets for Protective Atmospheres Lead baths do not abs 
atmosphere made from and Device for Quenching Articles With- moisture, while all salts d 
dissociated ammonia out Exposure to Oxidizing Surroundings some extent, and thus son 
and carbon monoxide, times troublesome explos 
» the latter being generated from hot charcoal in occur when adding more salt to a hot bat! 
another chamber in the furnace setting. As this is avoided, of course, by oven drying | 

<a shown in the accompanying sketch, the hot new salt. 

re: work is quenched direct from the furnace Ordinary pig lead is satisfactory for a | 

2 through a chute submerged in the coolant, so but if tin or nickel is alloyed with it the | 
while the work is hot it is entirely out of contact will stick to the work. Owing to its solub 
with air. Still another successful device is the in lead, nickel thermocouple tubes should 
Westinghouse “Ammogas” furnace for hard- avoided. Nichrome pots are generally best |! 
ening the air hardening high carbon, high high temperature operation. 

é. chromium die steels free of scale and decarbu- Contrary to popular opinion a lead pol 
rization. Preheating (and cooling) is done in suitable charcoal cover does not give off ob) 
the front end of the muffle proper, which is a tionable vapors if electrically heated; howe 
long chamber set on an incline. (See Fig. 3.) if fuel-fired, any lead that may splash into th 
Unfortunately, this furnace works only on steels combustion chamber will fume, but sine 
that harden when cooled at a very slow rate hood is generally used to remove products ©! 
the “air hardening” steels. combustion from this type of furnace, the sa! 

Liquid Baths — For rapid heating of small hood will carry off objectionable lead fume. 

parts lead baths are very good, as also are salt 

baths. The following considerations might be Cooling the Work 

of interest: Lead compared to salt mixtures is 

higher in specific gravity, higher in initial cost In a pure metal like copper or @ sis 
by volume but lower in cost by consumption; phase alloy like cartridge brass, the only pl 
it is also higher in thermal conductivity, and nomena that take place during heating @ 
lower in specific heat, thus causing greater cooling are release of work hardening straits 
temperature drops when cold work is intro- recrystallization, or grain growth, Heat trees 
duced; for the same reason lead also requires ment of such materials is usually for the pum 
less fuel to bring a cold pot up to heat. Lead pose of softening, and the rate of voling 8 
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inimportant, and therefore is deter- 


lative 
od ely by convenience. 
In | however, the constitution of the 
terial is different. It comprises two distinct 
‘ondamental substances, iron and iron carbide 
more less pure. The solubility of iron car- 
de in the iron is greater at maximum tempera- 
‘ore than it is at room or working temperatures, 


d the rate of cooling is of the greatest impor- 
once in determining the eventual structure 
hich is the result of the heat treatment. Very 
Jow cooling permits full development of con- 
Jitutional stability (a stable atomic arrange- 
ent) at low temperature, while rapid cooling 

ivy preserve the structure which existed at the 
ch temperatures, but now in an unstable con- 
lition in the cold metal. 

It is impossible here to give even a cursory 
weount of the hardening reactions that take 
we—in fact, the real essense of hardening, 
vhat really makes a material hard or soft, is as 
unknown. However, enough has been dis- 
vered within the last 20 vears of work on the 
oblem to emphasize the paramount impor- 
ace of a high cooling rate during quenching 
it least through the region just below the 
ritical temperature”, say from 1300 down to 
i! PF. where the tendency is greatest for the 
sicel to “transform” from its stete of solid solu- 
nto a state where the ferrite and cementite 
re separate entities, even though intimately 
ved. Even the ancient smith knew that 
ienching rate was of prime importance, and 
reasured his “secret” quenching baths, often a 


Westinghouse Furnace for Treating Air 
ning Steels in Cracked Ammonia. Parts are 
ta tray, pushed up into front end of muffle, 
sed, muffle purged and tray moved further 
the hot region. Cooling (and hardening) is 
by bringing tray back to front end of muffle 


fearful and wonderful concoction of purely 
psychological virtue. 

Coolants — Water is the most widely used 
coolant, and is very effective if used as a spray, 
but has the objection that the cooling rate 
changes rapidly with the temperature of the 
bath. Also used extensively are sodium hydrox- 
ide solutions, brines of different strengths, oils, 
molten salts, lead, air blasts, or still air. 

Sodium hydroxide solutions provide an 
extremely rapid quench which “takes hold” very 
quickly at high temperature, and continues to 
cool very rapidly right down to room tempera- 
ture to below 300° F. thus forcing the steel 
to “transform” at low temperature where the 
best conditions exist for the hardening reactions 
to occur, However, these solutions are very 
corrosive and somewhat dangerous to work 
with, as scale is violently thrown off during the 
quench, and they deteriorate rapidly due to 
absorption of carbon dioxide from the air. 
(Sarery Nore: Have a bottle of vinegar and pad 
of bandage in a handy cabinet, so if a drop of 
caustic splashes into a man’s eye, it can be neu- 
tralized quickly with the vinegar.) 

Brine — 5 to 10° solutions of salt in water 
are the most widely used of the liquid quench- 
ing media, and although corrosive to metal 
tanks, they are not dangerous to the operator. 
When salt is dissolved in water, the dissolved 
gases are thrown out of solution, and escape. 
(Did vou ever see a dash of salt liberate gas 
from beer?) Freedom from dissolved gas in the 
quench helps eliminate soft spots which are 
usually formed when the gas being thrown out 
of solution by heat from the work forms adher- 
ing bubbles, keeping the liquid away. 

As the brine solution evaporates at the hot 
surface during the quench, solid salt is depos- 
ited and this salt film instantly melts, actually 
explodes and blows off scale in exactly the same 
manner that the salt added to the roughing 
stands of a rolling mill will help free the scale. 
Thus the hot metal surface is bare, and cools 
the faster for being free of any insulating scale. 
Although not as fast as sodium hydroxide or 
sprays, brine is much faster than water. (If the 
work is heated in a salt bath, running water ts 
generally the best quench, as the salt dragged 
out by the work rapidly changes the composi- 
tion of the bath.) 

Oils — Factors affecting the result from an 
oil quench are the temperature of the oil, rate 
of flow relative to work, and, most important, 
the cooling rate of the oil in question, The only 
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effect the type of oil will have on the work 


quenched in it is the ability of that oil to cool CIRCULATION H VALUES For 
the work at the correct rate, from 1300 down OR AGITATION Ou. WATER Bi 
through the critical region to 1000° F. and 02510030 | 
thence to about 300° Oils must also have Mild 0.30100.35 
a high flash point to avoid fires, and form Moderate 03510040  12te13 
no excessive sludge by “cracking” under the Good 0.4 to 0.5 to 15 
e action of heat. Oil should have a high distilla- Violent 0.8 to1.1 P 
— lion range, and be free of light fractions that 
rapidly distill off and thus alter composition and 
cooling rate. Some quenching oils have added Quenching Fixtures are multitudinous 
animal fats which are claimed to stabilize the size and shape, for each one is designed fy 
oils, and make them “wet” the work better. In certain part. Essentially, however, they 
. any liquid bath agitation may be manual or by merely devices for bringing the cooling med 
he 3 pump. An outboard stirring device is very against the surfaces to be cooled in a direct 
cheap and effective. positive way, and traveling at such velocity 
Cooling Power of Baths — Once it is recog- to sweep away all vapors as soon as they 
nized that the only thing a quenching bath can formed, thus preventing a gas blanket f; 
4 do to steel is to cool it, and that all steels have interfering with rapid heat transfer. Sony 
x substantially the same heat capacity and trans- tures may be arranged to protect certain ar 
mission rates, it becomes possible (if you are a 
good enough mathematician) to compute the Wweter Out 
7 temperature at any position within a round bar m - 
at any time during a so-called “ideal quench” Drew De 
ae | of infinite cooling power — that is, one wherein Yj Y Ya 
the surface is tnstantly brought down to the tem- 
perature of the quenching medium. Likewise Centre! Pin —~ ope 
it is possible to determine the relative cooling sl 
power of any commercial combination of bath, 
temperature and circulation, “relative” to the ) ~1* Cast Tee 
cooling power of this “ideal quench”. Marcus r 
A. GROSSMANN and his assistants at Carnegie- Water In 
Illinois Steel Corp. Research Laboratory have A Pipe Plug 
shown how this may be done by quenching three 
round bars of different steels in the given bath, Fig. 4 Simple Fixture for Hardening Di 
sectioning the bars and measuring their hard- 
hess at various places, surface to center. Depth and cool them slowly. Others clamp flat pi 
of hardening to a selected hardness value is then under fairly high pressure to avoid warpa: 
plotted and matched against a series of curves during quenching; others spin lengthy pieces 
(reproduced in Merar Progress, 1941 Reference rigid bearings to maintain straightness. 
Issue, page 520), and the relative quenching must operate rapidly, for no time can be was! 
power of the bath immediately read off. between hot furnace and cold bath. 
Relative cooling power of common commer- A simple device for quenching a draw ¢ 
cial baths is shown in the following table as “HH by cooling its center is shown in Fig. |; the d 
values”. It must be immediately emphasized would be held down by the operator's tongs, @ 
that there may be a valid reason for changing he would simultaneously get a shower bat! 
a quenching oil, such as smell, or cost, or stabil- more elaborate fixture for doing the job ™ 
itv, but the quenching power (cooling speed) positively is shown in Fig. 5, as designed 
will be about the same, no matter what oil is Lawrence G. Bateman of Delamere & Willie 
used, The only way to improve the “H value” Co., Toronto. | 
of a quenching medium is to improve the circu- Interrupted Quench — As mentioned ear! 
lation, or the quenching fixture, if any. (While molten salt baths or molten lead are used ! 
water quenches are preferably cold — under 70 quenching high speed steel. Their cooling po’ 
I. it is well to operate oil-quenching baths while small, is sufficient to “trap” the hard 
warm, between 90 and 110° F.) microstructure in such highly alloyed vols. | 
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quenched and convenie 


mations are completed. 


to complete the quench. 


hours. Steels hardened by 
this process, called “aus- 
tempering”, are frequently 
tougher than others 
quenched in cold baths 
because they have less inter- 
nal stress. Small, spindly 
articles can also be hot 


ntly straightened during the 


relatively long time before the hardening transfor- 


It was once considered good practice to snatch 
a water hardening steel from the quench when the 
surface (and only the surface) was cooled down to 
around 400 to 600° F. and transfer it to an oil tank 


In practice this is very dif- 


ficult to accomplish, because the outside of the tool 


cooler than the inside, and 
small and uniform in shape 
to remove it from the brine 


or water at such a time that all sections would 


range (400 to 600°). If this 


is missed, badly strained or 


cracked work will result. 


definite instance will elabo- 


certain heat treater when 


hardening small lathe centers 


from carbon toolsteel per- 
sisted in cooling the points 
only in water, allowing the 
hot shank to reheat the now 
quenched point and “draw 
it to a straw color’, then 
finish cooling the center in 
water or oil. Invariably the 
centers cracked. What 
actually happened was that 
first the outer shell was fully 


Guide and = __ unless the tool is very 
Spring Seat it is extremely difficult 
be within this narrow 
range 
™ Unee 
Three Guide Posts, to Center Die \ 
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VYuenching Fixture Affixed to Side of 
Designed by Lawrence G. Bateman 


reaction rate (“transforma- 
on”) is relatively sluggish. 
Work of DAVENPORT 
iid his associates at U.S. Steel 
“orp. Research Laboratories has 
“own that a small piece of high 
irbon steel cooled quickly to 
out and held at that 


perature, as by quenching in a hot bath, will 


Ol Start 


ll not he 
I not be completely hardened 


0 transform for several minutes and 


bel 
€-Clamp; Support 


Quench Tank 


for several with an accompany 
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cooled to room temperature 
and therefore fully hard- 
ened, while the core of the 
piece was still at some tem- 
perature above 100° F. and 
still not hardened (even 
though it was in a dormant 
state) and would fully 
harden later on, no matter 
what the final treatment. 
The heat escaping from this 
hot core served to temper 


the hard case, but later on 


when the core finally cooled to room tempera- 
ture it transformed to the fully hard condition, 


ing (Continued on page 448) 
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Francis Cowles Frary 


Researcher in Aluminum 
Eminent Americar 


Metallurgis: 


Photo by Parry, Pittsburgh 
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int HAS BEEN much talk about alumi- 
these days, but very little about the 


nul 
»en behind this magic metal. Aluminum engi- 
vers are building new plants, erecting new 


vachinery., and stepping up production every 
»onth. Aluminum research, which has been 
responsible for a great many improvements in 
Juminum metallurgy, has also received scant 
ittention in the public prints. 

lhe Aluminum Research Laboratories of 
‘he Aluminum Co. of America at New Kensing- 
ion. Pa. deserve a large share of the credit 
for the intelligent planning which gave alumi- 
um and its alloys their present prominent 
ylace in war. And, since Francis C. Frary has 
headed these laboratories for more than 25 
vears, much credit should go to him, too. 

He, of course, would be the first to deny 
this. By nature one of the most modest of 
men, Francis Frary is a firm believer in the 
postulate that the surest success comes from 
coordinated effort rather than from the bril- 
mee of a few individuals. He corroborates 
his statement by pointing to the compact and 
vell-coordinated group of more than 200 scien- 
lists, technicians, and assistants over whom he 
presides, 

If vou want to take issue with him, you can 
ill his attention to the many brilliant men who 
ave helped him make the laboratories what 
‘hey are today; those men are there because 
reaky was there first. His own brilliance is 
both scholarly and practical. He has not only 
‘turned in a personally imposing record, but has 
iad the ability to pick the men who have made 
‘he Research Laboratories outstanding. 

Francis Frary was born in Minne- 
ipolis 58 years ago. There he entered the Uni- 
versity of Minnesota and received the degree of 
\nalytical Chemist in 1905. In 1906 the univer- 
‘iy made him a Master of Science. He spent a 
‘ear of travel and study in Europe, and, on his 
return, joined the teaching staff, where the 


lors degree was conferred on him in 1912. 


Faany, whose robustness earned him a 
place on Minnesota’s “Strong Men’s Squad” in 
(43, was intensely active at the university in 
posteraduate years. During one year, for 
istance, he taught 15 courses! At times he 
“multancously supervised work in a basement 


laboratory and in one on the third floor of the 
rac- 


same building. His friends remember him 
ing back and forth, dispensing electrochemical 
education three steps at a time”. 

In 1915, Dr. Frary was offered a position as 
research chemist by the Oldbury Electro-Chem- 
ical Co, of Niagara Falls. There he became an 
authority on the production and handling of 
phosgene, and it was his experience in this sub- 
ject that led the Government to select him, with 
Prof. D. J. Demorest of Ohio, to design and 
operate a phosgene plant at Edgewood Arsenal 
during the first world war. At its close Dr. 
Frary left the army as a major in the chemical 
warfare service. 

Just before he entered the service Frary 
had accepted a position as director of research 
for the Aluminum Co. of America. When the 
Government asked for a priority on him, the 
Company agreed to wait until his tenure of 
military duty was over, rather than withdraw 
the offer and give the position to someone else. 
The executives were sure of their man and could 
afford to wait. 

Major Frary assumed his new duties in 
New Kensington in December, 1918, and his first 
task was to assemble a group of competent men 
for his research staff. His two present assistant 
directors, Junius D. Eowarps and H. E. Bakken, 
date from the spring of 1919. So do his chief 
chemist, Harry V. Cuurcuim., and Ricuarp L. 
Tempuin, chief engineer of tests, and several 
other members of the staff. Chief metallurgist 
EK. H. Dix, Jr., was added a few vears later. 

Frary’s scope of activities has been broad, 
and he has a good grasp of every study in which 
he has inierested himself. Just to mention the 
subjects of some of the 30 patents issued to him 
will give an idea of this breadth of interest. 
They include the electrolytic refining of alumi- 
num, the electrothermal reduction of alumina, 
the manufacture of aluminum chloride, the 
electric annealing of aluminum sheet, the cal- 
cination of coke for electrodes, the calcination 
of bauxite, the proper type of molding sand for 
the casting of magnesium, the insulation of 
refrigerators, the removal of dross from alumi- 
num, the refractory lining of crucibles, the 
development of a number of aluminum alloys, 
and an early method of hardening lead. 

His keen analysis and discussion of the 
problems of the aluminum industry have 
always been very stimulating and have led to 
many discoveries by members of his staff. His 
broad interests have led him to learn German, 
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Norwegian, and French, and in addition, to i 


read Italian and Swedish. mola” Stee 


Such a man is bound to be invited to join 


any number of technical societies. You'll find 


his name on the rosters of the American Chem- 


ical Society, the American Society for Testing 


Materials, the American Society for Metals, 
the Institute of Metals, the American Institute 


of Mining and Metallurgical Engineers, and the 


Chemists’ Club. He is a past president of The 


Electrochemical Society, and of the American 


Institute of Chemical Engineers. 


At the 76th convention of the Electrochem- By Food ‘3 M ( 


ical Society, which was held in New York three 


vears ago, Francis Frarky was presented with Mets 
the Edward Goodrich Acheson Medal and prize, Chrysler 
in recognition for his distinguished contribu- 
tions to the field of electrochemistry. 
Though he is far from being a legendary 
character, legends about him were bound to 
spring up in his long and active career. They 
are jocularly referred to as “Frary Tales”, and MOLA steels, Chrysler designation M.S. 2}! 
they tell so much about the man that any biog- to 291 inclusive, of which the S.A 
raphy of him would be incomplete without A.LS.1. 4000 series is a part, are the result o! 
some reference to one or more of them. One attempt to duplicate the physical properties 
of his associates at Minnesota heard that rumors chromium-vanadium steels at a much lower cos 
were abroad that he had become engaged to and with the use of a domestic alloy. 
Anice WinGate at the tender age of 20. Frary It must be recognized that what the Chrys 
turned and said indignantly: “If you wish to ler Corp. has developed and knows as “Amo 
know about such things, please don’t listen to steel is a melting and rolling practice, as w 
rumors. If there’s any truth to the matter, 'm as an analysis. Therefore, the result \ 
the one who should know about it!” Two weeks obtained by the use of molybdenum, manganes 
later he bounded into his associate’s laboratory and silicon correctly balanced, together wil! 
and beamed: “What vou heard is so! — I can distinct change in melting practice and thy 
confirm the rumor, Alice and I are going to be duction of new mill controls of the reduc! 
married!” And so they were, back in 1908, per pass against loss of temperature. Heats a 
A “Frary Tale” which illustrates his point all produced in a fine-grained condition, wi! 
of view excellently —for he is an aluminum definitely controlled grain coarsening tempe! 
crusader just as much as anyone else in the ture. This latter is of extreme importance 
industry —is the following about a lady who the carburizing grades. Deoxidation of the | 
once remarked: “You know, Dr. Frary, alumi- is carried much further than in most stcels 
num isn’t good for applesauce.” “Pardon me, Carbon ranges in both electric furnace 4 
madam,” he replied, “what you mean is that openhearth steels are 5 points, 0.20 io 0.29; 
applesauce isn’t good for aluminum.” to 0.30 and so on up to 0.65 to 0.70, In all stee’s 
And that’s no applesauce, as far as he is the manganese is specified 0.70 to 0.90, si! 
concerned, His real hobby — even though he 0.20 to 0.30, molybdenum 0.15 to 0.25. Phos 
admits plaving golf “not wisely, nor too well, phorus and silicon are each held at 0.00) me 
nor too often” —is aluminum and everything Incidental elements like chromium and copy 
that concerns aluminum. Just made for him is are held to low limits, on account of thet 
a paraphrase of a saying from Terence, Homo ence on hardenability. 
sum, et nthil humant alienum puto (“Il am a Hardenability or depth hardness 's | 
human being, and I can never be indifferent to trolled by the amount and balance o! vba 
anything human.) num and manganese. This may some! tics 
He could well take it as his motto and say: enhanced by raising the silicon also by 
“Nihil alumini alienum puto.” S$ proper selection of analysis and process!"> 
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(arbon-Molybdenum) 


ractically any desired result may be obtained. 
\mola steels, therefore, become a complete 
series of general purpose steels which can be 
sed throughout a long range from the low car- 
low hardenability carburizing grades, 
through the medium cold heading and forging 
srades, to the spring steels, ball roller 
hearing steels and toolsteels for shear blades, 
hipping chisels, axes and razor blades. These 
re all being produced commercially. Plain 
irbon and chromium-vanadium are the only 
ther general purpose steels, and they are sub- 
ect to certain limitations. 

\mola steel was first used commercially in 
INS for the automobile front coil suspension 
springs. This use was followed rapidly by its 
‘pplication to flat springs, axle shafts, spindles, 
steering parts, and finally to transmission and 


End-Quench Hardenability Curves ( Aver- 
Plots) for Carbon-Molybdenum 
Steels of “Amola” Series. (Chrysler Corp, ) 


Y2 1% 2 
Distance from Quenched End, /n. 


rear axle gears. In its development the various 
alloy steel mills in this country met and solved 
the production problems, and at the present 
time these necessary special practices are well 
known to the personnel. 

It is interesting to note that its use in gears 
and other carburized parts is particularly indi- 
cated, because it is fine grained, and for this use 
the coarsening temperature is kept 50° F. or so 
higher than the normal carburizing temperature. 
Therefore, parts may be quenched directly from 
the carburizing furnace, and followed by the 
desired draw. This, of course, results in decided 
economy and less distortion, 

Thousands of tons of the S.A... 1000 series 
have been used, particularly in the automotive 
industry, for the following typical purposes: 

1023: Knuckle bolts, spline shafts, ball bolts, 

$027 and 4032: Transmission and axle gears, 
the higher carbon for heavier teeth; the choice 
should be based on the desired core hardness. 

1037: Cold headed bolts in. and smaller. 

1042: Bolts, to in.; 
eral forgings. 


1047: Spindles, bolts over 1 in. diameter. 


steering arms; gen- 


$053: Oil quenched gears. 

1063, 4068: Coil and flat springs, axle shafts. 

Numerous other analyses are in use for spe- 
cial purposes, particularly where large sections 
require high hardenability. 

In using the carbon-molybdenum 1000 series 
it is advisable to specify carbon five points 
higher than S.A.E. 3100 steels normally used for 
the same part, and ten points higher than 1100. 


September, 1942; Page 387 


2H 

i! 

f 

| 
060 %C.,, Quenched fram 1475 

040%C., Quenched fram 1525 F, 


Forging and machinability are similar to mation about average steels in four diffe, 


fine-grained 3100 and 4100 steels. carbon ranges, as determined on stands 
Heat treatment is best at temperatures 25 0.505-in. tensile test bars, quenched opq 

to 50° above the critical. Overheating is unnec- drawn at various temperatures, 

essary and undesirable, for carbides go into End-quench hardenability curves ape y 

solution rapidly, and high and prolonged heat- in the small diagram (page 387). {hes 

ing increases cost and decarburizes the surface. averages for dozens of Amola heats with ely 
The age hardening factor is very low. Weld- cal analyses close to the mean of the speci) 

ing seems to be helped by the molybdenum. tion. Chrysler Corp. has prepared and publis 
Tensile properties of the steels containing about 60 loose-leaf charts showing  hardyes. 

0.20 and 0.30 carbon, as drawn from average traverses of these carbon-molybdenum | 

280 


260 | | | | | ¢ C 0385-045 || | | 045-055 160 
Fensile Mn 070-090 Mn 070-090 Mn 070-090 0 
Strength Si 820-030 $i 020-030 Si 020-030 
240 Mo Os 228 Mo 15-028 as 028 
220 ACs 1500 ACs 1410 ACs 1400 
Ary 1230 Ary 1210 Arn 1200 
200 Ars 1400 Ars 1340 Ar, 1320 
Water Quenched Oi/ Quenched Oil Quenched be 
180 Ton 525 th from fram 1475 4 
02% Yield | 
140 


02 % 
Strength 


Rockwell 
Haroness 


_Rockwell Hardness 4 Hardness 2 
Reauction of Area 
Reduction of Aves 


+ + + > + + + + + 
400 800 1000. 800 =1200600 800 000 1200600 800 1000 
Draw Tempersture, 


Fig. 8 Average Physicals of Carbon-Molybdenum Steels With 0.30, 0.40, 0.50 
and 0.65 Carbon, Respectively. Samples normalized at 1600° F., and heat treated 
in 0.530-in. rounds, tested in 0.505-in. bars. All air cooled from the draw 


practice, are as shown in the table.  0.530-in. fully quenched in oil or water in various s 

rounds were treated as follows: Normalized at bars from 1 to 3 in. diameter, and tempered | 
1600" for 1 hr., 0.505-in. standard tensile probable drawing temperatures. Repres' 
tk specimen prepared, heated to 1700° F. in cast tives are shown in the Data Sheet, page 
a oa iron chips for 1 hr. and quenched in oil, drawn The big advantage of complete hardness sur 
a oe at 325° F. for 1 hr. of this sort is that they give an abundance 


specific information that ties up with tens 


MAXI- 
PROPERTY AVERAGE MINIMUM property charts, made popular by S.A.E. pu’ 
cations, four representatives of which ar 
0.2% yield strength 120,000 105,000 135,000 
Tensile strength 170,000 150,000 180,000 shown above. 
Elongation 12.7 10.0 15.0 | T 
Reduction of area 34.4 25.0 15.0 mpact ests 
0.30% Carbon There is much discussion of the valu 
0.2 yield strength 134,250 120,000 150,000 impact testing on small test pleces whicl 
Tensile strength 190,350 170,000 220,000 thorough hardening, when the materia’ ts | 
Elongati 9.0 3.0 . . t thor 
13 used in larger sections which are not 
Reduction of area 30.9 24.0 37.0 
Brinell hardness Th 363 444 hardening. It is believed by the write! 
impact pieces should be tested, if practical. 
The diagram above gives similar infor- represent the section to be used. “ 
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Hardness Traverses of Amola Steels 


and hardness surveyed from surface to center. 
Similar pieces were tested after drawing vari 


Slightly oversize round bars from representative 
heats were formed to dimension, fully quenched 
broken in two, smoothed, 


in oil or water, 


ously as shown. 


Copyright, Chrysler Corp. 
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WIN THIS 


3 Million Tons of iron and steel scrap are wanted every month... Are 
you doing your part to help America win her battle of production ? 


CONSERVATION AUTHORITIES RECOMMEND THESE 8 STEPS TO GET IN THE SCRAP 


Put some one individual in charge of scrap in all de- 
partments of your business and GIVE HIM AUTHOR- 
ITY TO ACT. 


Comb the plant and yards for dormant scrap, aban- 

doned equipment, old boilers, pipe, moulds, obsolete 
dies and parts, material now being destroyed which has 
salvage value. 


Survey all plant equipment, particularly idle stand- 
by or discarded machines, with a view to applying 
or converting them to useful production. 


SEGREGATION: 

Identify, classify and segregate scrap and supervise 
its handling to avoid contamination. This will increase 
its value. 

Provide separate containers, clearly marked, tor each 
class of scrap material. 

Repair or rework worn or broken cutting tools Keep 
unusable small pieces and turnings segregated. Even 
high speed steel grinding dust is valuable. 

Dismantle discarded equipment promptly into its 
components—electrical, fastenings, lumber, etc.—so 
that these parts may be utilized or scrapped. 


Sort blanks, short ends, cut-downs, clippings, etc., 
for possible reuse for smaller parts made in the same 
or other departments. 

Recover and reclaim used cutting oils, lubricants 
surplus paints and spray finishes. 

Sort sweepings and miscellaneous waste to recover 
scrap values. 

Constant reminders in the form of posters, illustra- 

tions of right and wrong methods, pay envelope en- 
closures, house organ publicity, etc., are potent aids 
to the conservation program. 


Release for scrap, obsolete engravings, electrotypes, 
and standing types for catalogs, forms and advertis- 
ing material. 
] Inspect all refuse to detect avoidable waste and 
excessive rejections. Educate production executives 
to correct such conditions at the source. » 


For information and assistance on special phases o 
conservation and salvage communicate with Indus- 
trial Salvage Section, Conservation Division, War Pro- 
duction Board, 9th Floor, Washington Gas Light Buila- 
ing, Washington, D. C., or with nearest regiona! office 


The metallurgical experience of our technical staff is available 
to aid you in these and other technical phases of metal salvage. 


KEEP SCRAP MOVING INTO WAR PRODUC 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 WALL STREET 
NEW YORK, N.Y. 
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Quenched Austenitic 18-8 


(Nitrogen Free) 
Changes to Ferrite at 70° F. 


SCHENECTADY, N, Y. 
lo the Readers of MevraL PROGRESS: 

A steel strip that, when placed under an 
Jnico magnet, waits about a minute and a half 
before it jumps toward it, can be used to demon- 
strate a delayed change in the steel’s atomic 
rrangement. The experiment is striking proof 
that atoms of a metal can and do move into 
more favorable positions of the lattice at tem- 
peratures as low as room temperature. 

The strip measuring about 14*112*,', in. is 
made up of specially melted 18-8 stainless steel. 
Commercial 18-8 is austenitic and hence is not 
ordinarily attracted by a magnet. The writer 
believes that this is principally because it con- 
tains a few hundredths per cent of nitrogen 
which acts to prevent the normal phase change 
‘rom the austenitic to the ferritic lattice, the 
latter phase being strongly magnetic. The nitro- 
sen is dissolved interstitially and, aided some- 
what by carbon, appears to serve as a barrier 
to block movement of atoms into the low tem- 
perature equilibrium positions corresponding to 
the ferrite lattice. 

If the alloy is prepared free of nitrogen and 
heated to above approximately 725° C. (1335° 
') itis all austenitic (non-magnetic at all tem- 
peratures). On cooling, however, the crystal 
‘ructure of the alloy rearranges itself to the 
‘erritic lattice, beginning at about 100° C. (212° 
r.), at a rate which is slow at first, becomes 
more rapid, and then again decreases, following 
‘transformation vs. time curve typical of the 
‘ustenile-—+ferrite changes in carbon steels. 

Hence if a strip of nitrogen-free 18-8 is held 
‘ approximately 900° C. (1650° F.) for a few 
minutes to rapidly convert the alloy to austenite, 


Letters From 


Correspondents 


then quenched in cold water, it is not attracted 
to an alnico magnet. The austenite is substan- 
tially unchanged. After about a minute and a 
half, however, the strip suddenly jumps to the 
magnet! Enough of ferrite is formed in this 
time to make the strip strongly magnetic. The 
same delayed transformation occurs if the alloy 
is quenched in liquid air. 

In the process of converting from austenite 
to ferrite, the evolution of heat brought about 
by the phase change, as would be expected, 
causes the alloy to warm up slightly. The Curie 
point of ferritic 18-8 is so high, however (650° 
C. or 1200° F.), that this has no effect on the 
attraction to the magnet. 

Nitrogen-free 18-8 can be prepared by melt- 
ing electrolytic chromium, nickel, and iron in 
the proper proportions either in vacuum or in 
hydrogen and pouring the melt or allowing it to 
furnace cool out of contact with air. 

Hersert H. 


Research Laboratory 
General Electric Co. 


Deceptive Appearances in 
Auto-Radiographs 


CoLUMBUS, OHIO 
To the Readers of METAL PROGRESS: 

A recent letter by W. M. Snoupr in Merar 
Procress for May 1942, page 688, suggested some 
possible applications of “radio-active tracers” in 
metallurgy. While the ultimate usefulness of 
artificially radio-active elements in metallur- 
gical research cannot be questioned, it should 
be pointed out that the interpretation of results 
obtained by this or any other new and unfamil- 
iar research tool must be handled with consid- 
erable care to avoid incorrect conclusions. 

The illustration offered by Dr. Snoupr 
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seems to be a good example of the 
pitfalls that may be encountered. 
The light areas in his auto-radio- 
graph of a steel disk which con- 
tained radio-active phosphorus were 
interpreted to mean that phosphorus 
had concentrated at or near the sur- 
faces of blow-holes or cavities in 
the disk. However, a simple experi- 
ment with artificial blow-holes indi- 
cates that this effect may be purely 
seometrical. 

A flat face was cut on a piece 
of cast iron which contained some 
radio-active phosphorus as part of 
its normal phosphorus content. 
Shallow holes of various diameters 
and depths were drilled in this face 
and then a photographic plate was 
clamped in contact with the face for 


At Top Is Photograph, Actual 
Size, of a Flat Face of a Piece 
of Cast Iron With Artificial 
and Natural Blow-Holes. 
Below is a print of the auto- 
radiograph obtained from the 
same piece. Lighter areas are 
regions of maximum blacken- 
ing caused by beta-rays from 


austenite begins to melt, ang 
therefore, its pos: tioy 
determined by the reversj}) 
reaction 
austenite = 

in which neither graphj; 
nor cementite plays a par 
Hence the solidus Of the iron. 
graphite system should }, 
identical with the solidus 
the iron-cementite system 

In a reply printed 
the same issue, Harry \ 
Scuwartz defends the inely 
sion of the red line. H 


argues that it may be pos. 


sible for carbon to be dis 
solved in austenite in two 
more forms. In one form 
may be combined with iro 


an exposure of many hours. A print the radio-active phosphorus in the other, free. The cor 


of the resulting auto-radiograph is 
shown at the bottom of the accom- 
panving engraving, while an ordinary photo- 
graph of the piece is shown at the top. The 
four holes across the top center of the piece 
are all about ,4y in. diameter at the surface, 
but the depth at the center of each hole varies 
from about ,/, in. for the hole on the left to about 
/, in. for the one on the right. At the extreme 
upper right there is a shallow, elongated, natural 
blow-hole, while a much smaller but somewhat 
deeper natural blow-hole appears at the extreme 
upper left. Since light regions on the print 
correspond to dark regions on the original plate, 
it is apparent that the deeper the blow-hole, 
whether artificial or natural, the greater the 
apparent concentration of radio-active phos- 
phorus, 
H. R. 


Battelle Memorial Institute 


Solidus in the 
lron-Graphite System 


BERKELEY, CALir. 
To the Readers of Mevat ProGress: 

In a letter printed in the December, 19141, 
issue of Mera ProGress, | objected to the inclu- 
sion of a red solidus line labelled “Solidus in 
lron-Graphite System” in the Iron, Iron Carbide 
Equilibrium Diagram reprinted in last October's 
issue. The reason for the objection was that the 
solidus represents the conditions under which 


alloyed 


with the cast tron bined form he identi! 


with cementite, the free fo 
with graphite. Only one of these is truly stab! 
the other metastable. (It may be remarked tha 
in his interpretation the cementite form has 
higher melting point and, therefore, is the stab! 
form.) 

Dr. ScHWakrtz points out that experimenters 
differ widely on the location of the solidus li: 
A number of them obtain values which clust 
about the solidus attributed to cementite, w! 
others, equally competent, find points neat 
graphite solidus. Details of the experiments, | 
believes, make it possible that one set of inves! 
gators was dealing with dissolved carbide, 
other with dissociated carbide in solution. 1! 
would account for the divergent results of 
experiments. 

The fact that experimenters fail to agre: 
a region where accurate results are difficull 
obtain is hardly convincing evidence for thes 
rather complex deductions. He is not entir 
convinced himself, as is shown by his cautious 
wording, “There is, however, at least a poss! 
itv that the dissolved carbon may be pres 
either as the element or as the carbide. 

Only thoroughly established facts belong 
a reference diagram such as this. Moreovel. 
enil 


there actually is a metastable form of aus! 


it should be indicated in many places bes 
the solidus. There should be two liquidus lines 

since anything which affects the solidus @> . 
thie 


affects the liquidus, which deals with 
equilibrium. It would also be expectec 
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boundaries of the austenite region 


e ol 
sould bc doubled. 
However, it is with the basic conception of 


olid solutions presented by Dr. Scuwarrz, 
vhich is held by many scientists accustomed to 
inking in thermodynamic terms, that I wish 
i» quarrel. They have attempted to carry con- 
eptions valuable in gases and liquid solutions 
ver to the solid state. Thus, in a gas the unit 
. the molecule, a group of atoms tightly bonded 
ovether and more or less isolated from the rest 
{the gas. In liquids the situation is not so 
lear cut; nevertheless, there are groups of 
toms which tend to remain together, as is con- 
vincingly shown by freezing point lowering 
yperiments. In many cases these molecules 
end to break up, in which case they are said to 
he dissociated, When the degree of dissociation 
s high, the molecule exists only in a statistical 
sense, and the molecular concept becomes less 
mportant; thus, it is of little use to speak of 
NaCl “molecules” in aqueous solution. 

In solid solutions it is logical to inquire 
-hether similar groups of atoms exist. It is 
frequently asked whether a compound which is 
lissolved in a solid solution remains as mole- 
iles or Whether these molecules dissociate. In 
istenite, does the cementite dissolve as FesC 
molecules (or as the diagram puts it, as car- 
de), or does the Fe,C break up into iron atoms 

d carbon atoms so that it becomes a_ solid 
lution of carbon in iron? A number of thermo- 
dvnamic investigations have been made on this 
lopic, both for austenite and for other solid 
solutions. In no cases have decisive answers 
een obtained, due to experimental error and 
ifficulty of interpreting the data. 

However, X-ray diffraction experiments and 
wdern theories of chemical bonding throw a 
ew light on the matter. While molecular 
sroupings of atoms are common in organic com- 
vunds, X-ray results show they are very rare 

inorganic compounds and entirely lacking in 
ve metallic state. With very few exceptions, 
organic compounds are like sodium chloride 
that there is a continuous network of chem- 
il bonds and no group of atoms can be singled 
as constituting a “molecule”. The science 
‘erystal chemistry indicates there is no differ- 
¢ between chemical bonding in a compound 
din an element or solid solution. Under these 
ditions thermodynamic treatments of solid 
“lutions as molecular lose all value. At best 
© results could indicate no more than a 
dency for atoms to surround themselves 


with neighbors of the same or a different kind. 

In austenite the carbon atoms cannot be 
located from X-ray data due to their small scat- 
tering power. However, it is known that they fit 
into the interstices between the much larger, 
approximately spherical iron atoms. | Eprror’s 
Note: See abstract of recent work on this prob- 
lem by N. J. Percu, in Merat ProGgress for 
July, page 120.) Only one hole is near to being 
large enough, and the carbon atom must be 
squeezed to get into that. This is the reason 
for the small solubility of carbon in austenite. 
In this hole the carbon atom is surrounded by 
six iron atoms, which must press tightly on it. 
There is no room here for an Fe ,C molecule. 
In fact, in cementite itself there are no Fe C 
molecules! In the cementite crystal, each car- 
bon is surrounded by six irons and each iron 
atom by two carbons. 

Thus, to sum up, the presence of the red 
solidus line is objectionable on the following 
grounds: (a) There is no direct experimental 
evidence of the existence of a metastable form 
of austenite, and speculative hypotheses should 
not be included on a standard reference dia- 
gram; (b) if there were two forms of austenite, 
the liquidus should be double as well as the 
solidus, and all the other boundaries of the 
austenite region should be doubled; (¢) the data 
of crystal chemistry render the existence of 
molecular carbides or any metastable forms of 
austenite highly improbable. 

Raven 


Asst. Prof. of Physical Metallurgy 
University of California 


Temperature Conversion 


INDIANAPOLIS, IND. 
To the Readers of Mevat ProGress: 

Conversion of Fahrenheit into Centigrade 
temperatures and vice versa is probably the 
oftenest performed by American readers, 
because technologists insist on using Fahren- 
heit and researchers insist on using Centigrade. 
Conversion tables and charts are numerous; 
the one on page 421 of last October's Mera 
ProGress is very good. 

The formulas 


(T, 39) 
9 
and T, — Te + 32 


are accurate, but generally require pencil and 
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paper. A simple scheme of doing it as a enheit) temperatures respectively, and dedyc. 


sequence of operations may be new to many ing (or adding) 10°. For the range of jy. 
readers of this magazine: treating temperatures such simple procedyy, 


‘esults in ¢ axi ‘rror of 32° "her 
lo Convert Centigrade to Fahrenheit: results in a maximum error of 32° | Wher 


1. Double the Centigrade reading. 
2. Decrease product (numerically) by 
one-tenth. 


greater accuracy is not required, sucl) sin) 
conversion is highly recommended. 
LEONARD TULAUSKAs 


3. Add 32 to remainder. Senior Research Engines 
P. R. Mallory & Cr Ine 
While the above instructions seem clear, 
several examples are shown below. 
Centigrade temperature 40) 0 100 
Doubled 80 0 200 
Decreased by one-tenth —42 0 180 Fast Sorting of Mixed Pieces 
32 added (Fahrenheit temp.) —40 32212 by their magnetic characteristics 


Note that the results are exact; no approxi- 
HAMILTON, 


mations of any kind are involved. 
To the Readers of Mevau ProGress: 


lo Convert Fahrenheit to Centigrade: On reading C. S. WiILLiaMs’ account of {! 
1. Lower Fahrenheit reading by 32. equipment he had assembled for sorting mixed 
castings by comparing their magnetic charac. 
3. Increase remainder by one-tenth. 
, teristics with a known standard, I could w 
Che three former examples will be given to imagine that other readers would have be 
see how it acts in reverse. very happy to have such an instrument on 
Fahrenheit temperature 10 32 212 tain occasions. While instances where stock is 
32 subtracted —72 0 180 
mica 36 0 90 mixed or parts are improperly heat treated a 
Increased by one-tenth 39.6 0 99 infrequent in well-run plants, when they 
Note that two of the results are approxi- occur they are annoying and may be very cos! 
mate. In fact the scheme is accurate to within In 1937 the writer was working at Onta 
0.0111... .Therefore Research Foundation in Toronto, carrying 
$1. Adding 1% (numerically) to the above tests on the wear of balls in milling operations 
will give the Centigrade temperature accurate to Some means was desirable for identifying 1 
within 0.1%. Adding a further 0.1% to it will alloys without marking them — indeed a 
result in an accuracy of 0.01, and so on. marks other than a pattern of deep holes wou : 
iterate ring the wear tests. 
For example, adding 1° to —39.6 gives be ar du 
39.996 (the true figure is —40), and adding 1% 0. 
‘par ‘nt of the Foundation, suggesied usin. 
to 99 gives 99.99 (the true figure is 100). department « s2 SS | 
In many cases. however, the conversion comparison induction coils and an oscilloscop 
may be performed with sufficient accuracy . 
by neglecting the 82° correction and merely 1938 Model of Equipment Designed in wy = by 
doubling (or halving) the Centigrade (or Fahr- Identifying and Separating Grinding Balls of } 
ous Analyses and Treatments by Comparing Tl 
Magnetic Characteristics Against Known Samp 
\ 
q 
‘| 
M 
th 
] 
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ry on a Current Problem in 
on and Substitution, Clipped 
m idvertisement of Northern 


Docifi ilway (Where the Diners - 
ene When They Serve Moun- 
] Are Unexampled, Adv.) 


find differences in the mag- 
etic properties of the alloys. The 
resting possibilities of the 
pparatus led to the construction 
‘qa simple instrument for this 
Irpose. Several manufacturers 
‘ound it useful in sorting mixed 


(TIRES ARE 
STEEL! 


jolts and an improved model was 
iit in 1938. In July of 1939 a 

description was published in the 

bulletin of the Ontario Research 
uundation, 

Since leaving the Research 
Foundation I have been with the 
Steel Co. of Canada, and have 
\perimented further and designed still another 
wdel, which has been placed on the market. 
Simplicity of construction and operation gives it 
e advantages of low price, portability and low 

st-per-test. 

A few of the cases in which it has been used 

iv illustrate these points: 

1. 300 tons of billets were sorted in 8 hr. 

the instrument could be taken to the mill and 
igged into the lighting circuit instead of moving 
the billets. 

2. Several million small parts made of three 
srades of steel were separated successfully. 
ntrained girls who had never seen the machines 

re employed to do the sorting and they main- 
ined a rate of 25 tests per min. or approximately 
12.000 tests per 8-hr. shift. In this work the sur- 
‘ace of the pieces was not marred in any way, even 
‘lightly as would have 
teen the case with any type 
hardness testing. 

3. Some parts had been 
made of two grades of steel. 
When the mistake was dis- 
covered about half had been 
juenched and the rest 
juenched and drawn. A 
separation was made into 
the four possible groups, 
though the harder steel 
When drawn had the same 
Brinell hardness as the soft 


‘eel in the quenched con- 
tion. 


Economies by Welding 


Uaine, Savoie, FRANC 
To the Readers of Merar ProGress: 

Following the period of waste and destruc- 
tion which constitutes war comes necessarily a 
period of intense restrictions and severe econ- 
omy. To this economy, which is imposed in all 
forms and on al! materials, fusion welding 
brings a valuable advantage in the realm of 
metallic materials. 

This economy may be exercised in various 
ways, as follows: 

1. By prolonging the life of existing struc- 
tures and apparatus. 

2. By recovering or repairing useless 
pieces, whether defective or unserviceable. 

3. By reducing the amount 
of metal necessary for new 
structures or mechanisms. 

Welding presents an efli- 
cient process and new methods 
in these three categories: 

1. Prolonging the life of 
metallic structures and 
machines implies not only 
repairing the breakage and 
damage caused by wear and 
corrosion (those two chief 
causes of slow destruction of 
metal, one mechanical and the 


. Sensitivity of Equipment Indicated other chemical), but also often 
». E. CavANAGH by Oscillograph Traces of 1010 provides the possibility of giv- 
Metallurgical Engineer Steel (Above) and 1020 Steel When 
ing increased service and sup- 


Steel Co. of Canada Compared With 


Standard 
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porting greater stresses —in other words, the can often be realized in contrast to rivet 


= reinforcement of old structures to make them cast construction. (Furthermore, this is wi 
safe for new conditions. taking into consideration the superiority 
Thus we obtain not only the rejuvenation welded over riveted construction from 
of a structure, but also a strengthening effect standpoint of alternating stress and endurane, 
which permits greater traflic, for instance, on In heavy structural work savings on the ord 
metal bridges — both steel bridges and the old of 30° of the weight of riveted constrye 
ones of wrought iron. Wrought iron, however, have been obtained by better use of plates , 
presents special difficulties in welding because shapes, and by the elimination of auxiliary pari, 
of its high phosphorus content (ordinarily, in and gussets. The suspicion which has falley 
Europe, on the order of 0.55) with its strong welded bridges in general as a resull of 
tendency toward grain growth on heating. It is collapse of the canal bridges in Belgium coy), 
also full of elongated inclusions not hold up under an impart 
which give it a fibrous or lami- consideration and an enlighten 


nated structure. analysis of the facts concern 


Along the same line is the these failures. 


recovery of worn parts by deposit In light-weight construction | 


of molten metal, which permits weight is reduced when compar 


not only the restoration of the to riveted construction because jt 


material to its original condition, unnecessary to deduct the riy 
but even an improvement its holes when computing streng|! 
service by judicious choice of weld members in tension, because a be 


metal and its heat treatment. There ter fixation is secured at the « 


are innumerable applications to all of compression members, a 
sorts of parts submitted to wear and abrasion, because joints can generally be made with 
either by machine work (tools or dies), by rub- gussets. 
bing against solid material (rails or farm tools), In contrast to castings the walls of a weld 
by shock (crushers or drilling tools), or by part may be made of rolled material and 
exposure to corrosion and erosion by liquids therefore thinner because more regular, m 
(turbines) or gases (burners or motor valves). exact, more compact and without limitatio: 
2. The second category concerns the recov- to thinness to that web which the foundry: 
ery of parts rendered useless by breakage or can cast. The molten zone with its risk 
damage, either in use or in fabrication. Repair foundry defects is limited to the welded port 
of castings having “foundry defects” should be which has less chance of physical defects Uh 
particularly mentioned, because metal added would be found in a totally cast part. Tt! 
by welding is deposited in the same as-cast con- reductions in weight have been obtained 
dition as the original metal of the part. There machine frames of 40 to 75% as compared 
is therefore seldom a valid reason for objecting cast iron and of 35‘. as compared to cast ste 
to the repair of castings by welding (as has A very interesting application of weld 
been done in a manner so prejudicial to French is the production of complex parts in which ! 
production even in critical periods) provided, body is an ordinary steel and the working !s 
of course, the repair is made according to the a special steel —— for instance, a high speed st 
best practices of the art and that the repaired in the case of tools. The section made of spe: 
part be subsequently submitted to the proper steel can be welded onto the body of the pr 
heat treatments. or can even consist entirely of an overlay 
4. Reduction of the quantity of metal nec- weld metal. 
essary for a new construction or a new piece of Thus, all varieties of cutting, piercing @ 
machinery may be effected in either or two boring tools can be made up, utilizing on!) 
ways, or both ways used jointly: minimum quantity of high speed steel, Ste! 
First, a reduction of the dimensions and the and even refractory carbides; the clemen> 
weight of the assembly, and which are particularly scarce at the pres 
Second, the limitation of scarce and costly time, such as tungsten, cobalt and moly! denul 
materials to those regions where their qualities can therefore be economized to the maxim! 
and properties are utilized. Apert M. Portey) 
Thus a considerable reduction of weight Consulting Engineer and - 
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Metal Progress in High Schools 


Notre Dame, INb. 

of ProGress: 
In the issue of The Review for November, 
vagy. a brief report was given of an experiment 
ch bad been undertaken by the Notre Dame 
hapter @. Realizing that the information 
vich the general public possesses with regard 
the nature of work and the scope of oppor- 
ities in the field of metallurgy is usually 
omewhat vague, and that this situation reflects 
dversely upon the enrollment of high school 
eraduates in metallurgical departments of engi- 
ering colleges, this chapter entered and 
anced subscriptions to Merat ProGress for 
e libraries of ten senior high schools within 
s territory. The following sticker is placed 
yon the front cover of each monthly issue and, 
order to do this, all copies are sent first to the 


hapter, then remailed: 


AS THE subscription to this 
ww publication has been pro- 
vided by the Notre Dame 
chapter of the American 
Society for Metals, for the purpose 
of stimulating interest in study in 
the field of Metallurgy. 


Shortly before the last business meeting of 
r chapter, a brief questionnaire was sent to 
wh school. After reviewing the facts concern- 
the subscriptions three questions are asked: 
Do vou desire the subscription renewed for 
other vear? 2. Do vou use this journal in 
Y way in class work? 3. Do your boys appear 
lake an interest in reading Merat ProGress 

‘the monthly issues are placed in the library? 

lhe answer to the first question is unani- 
ously “Yes” and a few quotations from other 
plies received this vear may be of interest to 
\SMembers: 

“It is used as a reference in preparing required 
tside work.” 

“MeTaL ProGress is used by the students in 
whine shop. Eighty of the 200 students spend 
hour a day in related work, and this publica- 
icontains very good related work.” 

“The students use it for supplementary read- 
> in our machine shop classes.....Interest is 
wn when instructors make supplementary 
“tshtients from the publication. Interest is 
“ing as the students are becoming better 
Gainted with the magazine.” 

“Used for reference material in vocational 

hin shop science.” 


“A great deal of interest is evident. Each issue 
shows much use before it is filed on our reference 
shelf.” 

“The boys use this work in guidance classes.” 

The following reply is from the librarian of 
the largest high school in our territory: 

“IT have conferred with both our instructors in 
Chemistry and our Shop instructor in metal work 
as to your offer of continuing the gift subscription. 
All are agreed that this periodical meets a specific 
need, more so now than at any previous time. The 
current issue is receiving more and more wear, as 
evidenced by the dog-eared pages, and each month 
the old issue is sent to the Shop for continued use 
by the boys there. 

In the light of the experience of the past 
five vears, the Notre Dame chapter unanimously 
voted to continue the subscriptions for the com- 
ing vear. 

Ep. G. MAHIN 
Professor of Metallurgy 
University of Notre Dame 


Three Wrought lron Nails, Driven in Virginia in 
1652 When Smith's Fort Plantation Was Built, 
Are Compared With a Modern Nail, Cut by Old- 
Time Methods, by Tremont Nail Co. of Ware- 
ham, Mass. Photo courtesy A. M. Byers Co 
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Extended List of National Emergency Steels 
Desic- HARDEN- (Aug. 17, 19 


MN SI Cr Ni Mo 
NATION ABILITY 
Carbon-Manganese Steels ALONGSIDE 

NE 13307 0.28/0.33 1.60/1.90 0.20 0.35 1.71 new steel anal th 
NE13357 1.60/1.90) 0.20/0.35 1.83 xtended ii 
NE1340+ 0.38/0.43 1.60/1.90 0.20/0.35 1.96 extended list of Nationa 
NE1345 0.43/0.48 1.60/1.90 0.20/0.35 2.07 Emergency steels, published 
NE 1350 0.48/0.53 1.60/1.90 0.20/0.35 2.18 by courtesy of the Ameri 

Carbon-Chromium Steels Iron and Steel Institute. Thix 

NE52100A 0.95/1.10 0.25/0.45  0.20/0.35 0.40/0.60 0.35 max. 0.08 max. 2.38 is to supplement the shorte; 
ete 0.95/1.10 0.25/0.45 0.20/0.35 0.90/1.15 0.35 max. 0.08 max. 2.98 list issued early this year and 
NE52100€ 0.95/1.10 0.25/0.45 0.20/0.35 1.30/1.60 0.35 max. 0.08 max. 3.22 

E52100¢ 1.1 0.45 350 «1.30/1.60 0.35 max 8 max 3 whose origin and_ intended 

NE 8020 0.18 0.2: .00/1.30 0.20/0.35 0.10/0.20 1.47 . 

tNE8022 0.20/0.25 1.00/1.30 0.20/0.35 0.10/0.20 1.56 ProGress in Marel 
tNE8339 0.35/0.42. 1.30/1.60 0.20/0.35 0.20/0.30 2.49 xe column headed “Hard- 
tNE8442*  0.40/0.45 1.30/1.60  0.20/0.35 0.30/0.40 3.02 enability” has been computed 

NE8613 0.12/0.17 0.70/0.90  0.20/0.35  0.40/0.60 0.40/0.60 0.15/0.25 2.51 GROSS MANN’Ss plan in the dat 

NE 8615 0.13/0.18 0.70/0.90 0.20/0.35 0.40/0.60 0.40/0.60 0.15/0.25 2.57 sheet in the July issu 
NE8617 0.15/0.20 0.70/0.90) 0.20/0.35 0.40/0.60 0.40/0.60 0.15/0.25 2.62 assuming average compos 
TNE 8620 0.18/0.23 0.70/0.90) 0.20 0.39 0.40/0.60  0.40/0.60 0.15 0.29 2.94 tions and grain size 6: th 
INE 8630 0.28/0.33 0.70/0.90) 0.20/0.35 0.40/0.60 0.40/0.60 0.15/0.25 3.52 

A figures represent the diam- 
NE8715 0.13/0.18 0.70/0.90) 0.20/0.35 0.40/0.60 0.40/0.60 0.20,/0.30 2.81 
NE8720 0.18/0.23 0.70/0.90 0.20/0.35 0.40/0.60) 0.40/0.60 0.20/0.30 3.21 argest round that 
tNE8722 0.20/0.25. 0.20/0.35  0.40/0.60 0.40/0.60 0.20/0.30 3.34 will harden all the wa 
NE8735 0.33/0.38 0.70/0.90 0.20/0.35 0.40/0.60 0.40/0.60  0.20/0.30 4.14 through in an ideal quene! 
tNE8739 0.35/0.40 0.70/0.90  0.20/0.35  0.40/0.60  0.40,/0.60  0.20/0.30 4.26 The steels of the NE 8000 

87 7 ‘ 2 0.40/0.6 -40/0.60  0.20/0.31 4.55 . 
tTNE8744 0.40/0.45 0.70/0.90  0.20/0.35  0.40/0.60 0.40/0.60  0.20/0.30 4.55 series promulgated in Janu 


tNE8&749 0.45/0.50 0.70/0.90) 0.20/0.35 0.40/0.60 0.40/0.60 0.20/0.30 4.80 


ary 1942 have been rapidly 
INE8949* 0.45/0.50) 1.00/1.30 0.20/0.35  0.40/0.60 0.40/0.60 0.30/0.40 7.00) ary 1942 have been raj 


adopted for ordnance mal 


Silicon-Manganes Silicon-! ranese-Chromi Steels 
— ilicon langanese and Silicon-Manganese-Chromium Steels riel; by July they comprised 
NE9255 0.50/0.60  0.70/0.95  1.80/2.20 - 1.83 ane enarter of of 
NE 9260 0.55/0.65 0.75/1.00 1.80/2.20 1.89 ibout one qua 
“ti a] ¢ ster 
NE 9262 0.55/0.65 0.75/1.00 1.80/2.20  0.20/0.40 3.21 constructional alloy st 


produced in the United 


States. Experience rapidl) 


NE9415 0.13/0.18 0.80/1.10) 0.40/0.60 0.20/0.40) 0.20/0.40) 0.08/0.15 9.99 


NE 9420 0.18/0.23 0.80/1.10 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 2.53 indicated, therefore, what 
NE 9422 0.20/0.25 0.80/1.10  0.40/0.60 0.20/0.40 0.20/0.40) 0.08/0.15 2.64 steels were most adaptabi 
NE 9430 0.28/0.33 0.90/1.20) 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 3.28 and consistent. beecam 
NE 9435 0.33/0.38 0.90/1.20 0.40/0.60) 0.20/0.40) 0.20/0.40 0.08/0.15 3.53 apparent that “tramp allovs 
NE9437 0.35/0.40 0.90/1.20) 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 3.65 

NE9440 0.90/1.20 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 3.78 interfered with the un 
NE9442 0.40/0.45 1.00/1.30 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 4.19 formity of the manganes 
NE 9445 0.43/0.48 1.00/1.30 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 4.54 molybdenum steels NE Si 
NE9450 0.48/0.53 1.20/1.50 0.40/0.60 0.20/0.40 0.20/0.40 0.08/0.15 to NE 8500 and all but fow 
NE9537* 0.35/0.40° 1.20/1.50 0.40/0.60 0.40/0.60  0.40/0.60 0.15/0.25 6.41 of them have been dropped 
NE9540* 0.38/0.43) 1.20/1.50 0.40/0.60 0.40/0.60 0.40/0.60 0.15/0.25 6.95 NE &s n 
NE9542* 0.40/0.45) 1.20/1.50 0.40/0.60 0.40/0.60 0.40/0.60° 0.15/0.25 7.16 However, 
NE9550*  0.48/0.53 1.20/1.50 0.40/0.60 0.40/0.60 0.40/0.60 0.15/0.25. 8700 steels have been 


in number. Likewise th: 


Manganese-Silicon-Chromium Steels 
9400 series has been est! 


NE9630 0.28/0.33 1.20/1.50 0.40/0.60 | 0.40/0.60 3.12 
NE9635 0.33/0.38 1.20/1.50 0.40/0.60  0.40/0.60 3.36 lished using even 
NE 9637 0.35/0.40) 1.20/1.50 0.40/0.60 0.40/0.60 3.46 chromium, nickel and molyb- 
NE 9640 0.38/0.43 1.20/1.50 0.40/0.60  0.40/0.60 3.58 denum: by increasing th 
NE 9642 0.40/0.45 1.30/1.60 0.40/0.60 0.40/0.60 3.95 ‘licon, steels 
NE9645 —0.43/0.48 1.30/1.60 0.40/0.60  0.40/0.60 4.06 manganese and sili 
NE9650 —0.48/0.53 1.30/1.60 0.40/0.60 0.40/0.60 4.27 of high hardenability may 
- — made from return alloy ste 
*Recommended for large sections tThe same as, or closely similar scrap using practically © 
only. to, steels of the same designation on 
+The same as, or closely similar first list of “National Emergency Alter- new chromium, mies & 


to, old A.I.S.1. 1942 numbers. nate Steels” issued early in 1942. molybdenum. 
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Fast 


By Frederic O. Hess 
Dresident, The Selas Co. 


A’ FLAME HARDENING (the heating of 
specific faces, projections or portions of 
high carbon steel or cast iron parts above the 
ritical temperature by means of open burner 
irrangements, and subsequently quenching to 
develop hardness only where desired without 
iffecting the core or body of the piece) pre- 
supposes one condition whatever the heat 
source may be—an unusually high rate of 
ocalized heat delivery. At the time that A. E. 
Sorter and others, around 1926, made the first 
practical industrial applications of flame hard- 
ening, the oxy-acetylene and the oxy-gas flames 
vere the only heat sources of sufficient speed 
id intensity. Ever since, the usability of flame 
hardening has been closely linked to the avail- 
ibility of oxygen supplies. Of course, surface 
hardening by means of high frequency electri- 
cal currents induced in the workpiece did come 
but its field 
usefulness has been limited by relatively 
high-cost equipment and the difficulty of treat- 
ig large or intricate shapes. 


nto the picture a few years ago 


Within the past two vears, however, means 
‘ave been found to concentrate heat from the 
combustion of pre-mixed gas and air, as well as 
‘0 accelerate rates of heat transfer to the work 


fro 
om gas-air burners in open arrangement. As 


ire It Ineali- 
sull, localized heat treatment, burning com- 
gases carbureted with air in widely- 
sed combustion control machinery, is now 
Fact le, 


Advances in 


urface Hardening 


‘‘Superheated” and “Radiant’’ Combustion 


At the root of almost every recent success 
with gas-air flame hardening lies one of two new 
methods of intensifying or concentrating com- 
bustion. Simplified cross-sections and photo- 
graphs are shown overleaf. Precision refractory 
surfaces are provided in both, in contact with 
which burn numerous jets of completely pre- 
mixed gas and air. This develops a uniform 
incandescence over the surface of ceramic 
walls, and creates a radiant energy source of 
significant area. 

The distinction between the two methods of 
combustion lies in the manner of utilizing the 
radiant heat thus developed. In the burner 
shown in Fig. la, known as the “superheat” 
type, the two radiant walls face each other, are 
quite close together (from 1, to 1 in, apart in 
most designs), and constitute a small ceramic 
enclosure with a constricted outlet which 
encases the combustion reaction. Thus, the 
radiant heat developed acts almost wholly to 
accelerate the rate of reaction within a minia- 
ture furnace chamber at white heat. This 
superheats the burning gases during their inter- 
action so that the temperature of the blast from 
the outlet slot (which faces the work) as 

*Paper for the panel discussion on heat treatment 
of war products, to be held at the forthcoming A.S.M. 
Convention and National Metal Exposition, Cleveland, 
Oct. 12 to 16, 1942. 
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Fig. Schematic Diagrams and Photographs of Gas-Air Burners for 
Localized Heating of Metal Surfaces. Radiant heat is indicated by white 
arrows, hot combustion gases by gray tone, ceramic refractory parts by 
stippling, surfaces under heat by white boundaries, base metal by full black, 
Fig. la (above) is “superheat” type; Fig. 1b (below) is “radiant” type 


measured by a platinum 
thermocouple is at least a 
250 to 300° F. higher q 


than otherwise attain- 


able by burning identi- 


cal fuel pre-mixtures at 
identical rates by more = con- 
ventional methods. 

In the burner diagrammed 
in Fig. 1b at right, known as the “radiant” type, the radiant 
energy developed at the ceramic surface impinges directly 
upon the workpiece and accelerates the rate of heat transfer 
from the burner to the part being heated. To do this the 
incandescent surface is arranged as a bowl-like concavity 
(2 to 7 in. in diameter) which faces the work at close range. 
This incandescent surface can be maintained at temperatures 
as high as 2850° F., and transfers the radiant heat very rap- 
idly. (The rate varies directly as the difference between the 
fourth powers of the absolute temperatures of the radiator 
and the receiver, and inversely as the square of the distance 
between them.) 

Special burners have also been designed combining vari- 
ous features of “superheated”, “radiant”, and conventional 
combustion. Figure 2 shows one for the continuous harden- 
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ing of skate blades. <A) gl 
is essentially a superhe in 
it permits much of th idiant 
energy to impinge dire: upo 
the blade edge. Another bur 
is an adaptation of Fig. 1). esse 
tially a radiant burner whic) 
normally does not blast or tore) 
at all, modified by some centry 
flame jets to project hot products 
of combustion along the axis of 
firing, so as to deliver more hes 
in the center of the heated dist 
than at its edges to compensat: 
for heavy conductive meta 
masses or irregularities in 
face contour, 

The largest true superheat 
tvpe vet constructed delivers 
1,000,000 B.t.u. per hr. despit 
the fact that it measures on 
in. outside 


B.t.u. per hr. per cu.ft. of combus 
tion space, or ten times the “mas 


mum possible” a few years &s 
with then-known burners). It hes 
5-zone control and a narro’ 
let-slot about 15 in. long shape: 


to 


in refractories to conform 

shape of the piece. This hurne! 

used for hardening alloy tre’ 


on caterpillar track shoes 


‘ 
(a 
pa 
= 
| 
3 
Dus 
* 


lly Designed for Spot 
lardening Two Gun Parts 
lrigger-Latch and Shaft 
Has Later Been 
lapted to a Total of 18 


Successful performance is contingent upon 


(a) an air-gas mixture at 1 to 2 psi., 
supply which is quickly and easily 


wollable. Utilization of such burners near 
limits of their capacity is recommended, An 
mate air-gas mixture at high pressure is nec- 
cary. Most applications, furthermore, neces- 


cutting-out or cutting-in of burners, which 


st be done without affecting the operation 
i adjustment of the others. 


importance of the above factors 


omes apparent when one considers the difti- 
ity of recording surface temperatures in open 
treating machinery, and thereby auto- 
ically regulating heat inputs and machine 
yeed according to actual metal temperatures. 
lame hardening, flame annealing, and other 
en heat treating machinery, reproducible 


are insured by accuracy in burner 


«sign, precision in maintaining gas-air ratios 
d pressures, close regulation of time of expo- 

wre to heat, spacings between burner and work, 
d control of mechanism movements. 


Applications to War Production 


Consider the hardening of armor-piercing 
sot. Open superheat burners arranged in spi- 


Vachine Origi- 
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or to 2200° F. in & min. 


rals within multi-station Skate 
automatic machinery Blace 
have for some months 
been hardening armor- 
piercing shot on over-all 
heating schedules of 6 
to 12 min. with fuel con- 
sumptions about 35 and 
125 cu.ft. of natural gas 


per piece. 


Recently even these 
figures have been cut in 
half by adapting minia- 
ture radiant bells which 
just fit a single rotating 
shot which may be Air-Coas 


Supply 


brought uniformly to, 
say, 1600" F. in 345 min., Fig, 2 — Burner for 
Hardening Skates 
Figure 3 shows a 
unit for hardening anti-aircraft gun parts. It is 
notable because it has already been utilized for 
18 different items. You see it here as originally 
designed for only two pieces — a trigger-latch 
and a star-pinion on the end of a shaft. As it is 
used today, each burner is mounted with a 
double-swivel connection so that it may be 
manipulated into almost any position in_ the 
manner of a dentist's drill. A simple schedule 
of heating times, a collection of part-holding 
fixtures, and a series of charts of dif- 
ferent burner arrangements, enable 
the operator to adapt it within a few 
moments for any one of the 18 parts. 
Another application is for hard- 
ening the metal treads on both cast 
and fabricated caterpillar grousers 
for U.S. Army tanks, A typical hard- 
ness survey is [deleted by censor}. 
Other methods tried by one plant 
failed because they could not develop 
between hard- 


the desired transition 


i 
i 
ul 
Riz ~ i 


ened outer layer and unhardened 


Flame Hardening Gear Teeth With Gas-Air “Superh, «:” 

body. Sides and faces had to be . 
hard against wear, but the lower a Diam- Face Burners HEATIN Typ 

GeAR Typ! OW oR 
corners must be soft and _ the ETER IDTH IN RING) Cycut Gas 
transition gradual, because weld- 1 in.|1% in. 
ing had to be done at that point. Spur 3'2 in. 1% in. 6 110 see Mi 
Ring 14 in. in. 20 50 sec, Natur 
described above saustactoruy does Triple-step (65 Ib.) 11 in. 4 in. 24 180 sec. Nat 
the job at a pace of one piece Herringbone (175 1b.) 24. in. 4 in. 36 360 sec. Naty 
every 90 sec. Eight such burners —— 
supplied from two combustion 
controllers delivering 80,000 cu.ft. per hr. of air- as fuel, prior to the time when shot and: 


gas mixture constitute one production unit. 

The sprockets which drive the tank track 
caterpillars are also flame hardened in auto- 
matic machinery at another plant. The sprocket 
is motionless in the firing station so that two 
burners per tooth (total 52 per 2-line machine) 
protrude between the teeth and harden their 
sides as well as their tips. Figure 4 [deleted by 
censor] shows the hardness contour which must 
be held in this job. 

All three cases — a.p. shot, grouser treads, 
and sprockets —-are significant because the 
mass of metal is large. This condition makes 
for rapid heat loss by conductivity, and this has 
long been a stumbling block for gas-air flame 
hardening. 

There is insuflicient time to dwell long in 
the broad fields of camshaft and gear harden- 
ing. In one machine 13 superheat burners in a 
special water-cooled block are mounted on each 
side of an automotive camshaft so that each of 
the 12 cams and the one eccentric can be hard- 
ened simultaneously. Appropriate baffles, or 
water cooled blocks, protect all other parts of 
the shaft, which rotates continually during the 
process. Three fully automatic machines pro- 
duce at a rate of 120 shafts per hr., vet neither 
the shaft itself, nor the core of any cam or 
eccentric, nor the precisely machined helical 
gear in the center, is affected. 

As for gear hardening, the adjoining table 
gives the actual production time required for 
various gears, 1 to 24 in. diameter, 6 to 11-pitch. 
In the case of the largest gear, the new equip- 
ment reclaimed $11,000 worth of gears scrapped 
because of distortion during furnace heating. 
All were salvaged by utilizing the gas-air flame 
hardening machine temporarily as a flame- 
annealer; the softened gears were then re-cut 
and rehardened. This gear has herringbone 
teeth with 4-in. face, weighing 175 Ib. — the 
heaviest piece ever flame hardened by open 
automatic machinery utilizing only gas and air 


treads were hardened. 


Summary of Advantages 


First, of course, the equipment dese 
eliminates oxygen cylinders, oxygen ge 
ing equipment, or special high-frequene, 
trical generators, and therefore reduces orig 
investment, operating, and maintenance 
Records of one thorough production test may 
quoted as illustrative on 8-pitch 32-tooth ¢ 
Ho in. O.D., 114 in. face: Oxy-acetylene fi 
3 cu.ft. oxygen, 3 cu.ft. acetylene, 12¢ fuel 
26 sec. heating time. Air pre-mixed with n 
factured gas; 5A cu.ft. gas, 0.00226 fuel cos 
sec. heating time. Air pre-mixed with m 
gas; A8 cu.ft. gas, 0.00366 fuel cost, 120 see 
ing time. Figuring labor at prevailing rates, 
customer (a nationally known maker of n 
ple drilling equipment) calculated an ove: 
cash saving of 65‘: for the air-using met! 
over the oxygen-using method, even wil 
the advantage of multiple station operaty 
automatic equipment. 

In contrast to heating in furnaces follo 
by liquid quenching and drawing, treatments 
open machinery require less structural wo 
floor space and brick work. Therefore, the) 
generally be set up and put into production 
less time and with less investment. 

Users have also reported two significa! 
metallurgical advantages: They have disco 
ered that neither the “superheating” of the g& 
air reaction nor the generation of “radian 
heat in open burner arrangements produces 
temperatures at any point sufficiently high | 
overheat sharp edges and small projections © 
steel parts, even during protracted exposul 
This safety factor greatly reduces the skill 
required of flame hardeners —a_ point wort! 
contemplating in this era of newly tra ned hel} 
and female labor, Another interesting corolla" 


is that, in the hardening of gear teet! (say " 
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ch) by spinning method, speeds of rota- 


ners may bo reduced (or parts even totally 


ved) and the heat penetrates between teeth 


mut da 
| | the most characteristic difference 


er of burning their outer edges. 


~in the nsition zone of metallurgical struc- 


from hardened surface to soft core. |Two 
ind descriptions deleted by censor.| In 


res < 


comparable parts hardened by induction 
‘ng and by gas-air methods, hardness at 


is according to specification in each 


‘ Trace 
.: the difference lies in the rate of transition 
» hardened case to soft core. In the induc- 
hardened piece the Rockwell drops 20 
is within 's in. On the other hand, in the 
ysair hardened item, no two adjacent 1,-in. 
re areas differ by more than 3 or 4 points, 


One of the biggest possibilities lies in the 


. veloping of physical and metallurgical char- 
eristics according to a predetermined pat- 
Conventional practice in furnace work 

is been to heat for a time calculated for the 
eaviest section, and keep pieces in furnaces 

s enough to heat the heavy section while the 

sit section soaks. Here the metallurgist may 
eon the horns of a dilemma. He may have to 
sve the heavy portion enough time at high heat 
dissolve carbides, vet the thinner portions are 
ere enough longer to cause excessive grain 
wth. Changes in conventional practice might 
so Show remarkably beneficial heat treating 
esults — and such changes are now within the 
of possibility-—if time as well as the 
lemperature is brought under control. As an 
\ample of such a selective heat treatment pat- 
fern consider Fig. 7 [deleted by censor]. To 


obtain the hardness pattern shown it is neces- 
sary to graduate the heat application so the 
body of the part comes up to temperature at 
the same rate as the corners and edges, and, cor- 
respondingly, the body is cooled, during quench, 
at the same rate — even though it stores consid- 
erably more heat. 


Looking Ahead 


We are all, now, deeply absorbed in war 
production, and that fact gives us the right to 
look ahead. Heat treatments, especially pro- 
duction practices, are undergoing a change. We 
are not quite so presumptive as one observer 
who foresees the “total dispersion of the heat 
treatment department throughout the plant of 
tomorrow”. But both the author's firm and the 
American Gas Association’s Metal Treating and 
Melting Committee are convinced that) more 
treatment than we now realize will be executed 
in the future, not in the traditional furnace 
department, but more accurately and speedily 
through “machine tools for heat treatment” 
which are designed and positioned to suit the 
other production machinery of the plant. 

To support this prediction, one last but 
“substantial” example may be quoted — the 
demonstrated fact that, by selection, one square 
foot in the center of a 6-ft. square of 16-in. 
armor plate can be heat treated by open gas-air 
methods several inches deep without burning 
the surface, without affecting the rest of the 
9-ton plate, and in record time. This fact alone 
foreshadows a new, fast developing, heat treat- 
ing technique — or, possibly, “technology”. @& 


Armor Steel Hulls and Bogie-Wheel Assemblies of U. S. M-4 Tanks in Pro- 
duction Line. Photo by Office for Emergency Management, U. S. Government 
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Fusion Welding of Magnesium 


By Thomas E. Piper 


Process En 
Northrop Aircraft, Inc., 


reliable 
Even as 


F OBVIOUS IMPORTANCE is a 

method of welding magnesium. 
our present capacity to produce the metal is 
vsrowing, there has been great need for an 
acceptable process for repairing small defects 
in the multitude of aircraft landing wheels, 
engine parts and accessories. When our 
expanded magnesium industry gets into opera- 
tion (deriving the metal from the literally inex- 
haustible sources of sea water and salt brines) 
much of this lighter metal can replace alumi- 
num in aircraft structures —- provided a ready 
fabrication method, such as welding, is avail- 
able. Magnesium alloys have an equally favor- 
able strength-weight factor and a better factor 
of stiffness due to the larger volume of a part 
in compression; they probably will also be 
cheaper than aluminum. At any rate, a success- 
ful welding process brings the all-magnesium 
plane, with its many advantages, one step 
closer to achievement. 

Having these things in view, V. H. Paveecka, 
chief of research, and Russ Mereprru, welding 
engineer of Northrop Aircraft, started on the 
problem two vears ago, working in cooperation 
with a parallel study by Dow Chemical Co. We 
are now able to announce and give to American 
war industry the “Heliare” process. Magnesium 
castings containing foundry defects have been 
repaired with this process and welds equal to or 
stronger than the surrounding metal have been 
obtained, Almost any thickness of cast metal 
that can be poured may be readily welded. The 
weld metal is much more dense than the sur- 
rounding cast metal and far less susceptible to 
corrosion, It appears to have better corrosion 
resistant properties than the parent metal in 
salt spray tests, appearing to be cathodic to the 
adjoining metal, which causes minor pitting of 
the original metal adjacent to the weld under 
severely corrosive conditions. 

The illustration shows the “torch” and filler 
rod joining two extrusions with a longitudinal 

*Abstract of paper before American Welding 
Society. 


gineer 


Hawthorne, Cal 


/ 


seam. A sheath of pure helium gas is blown, 
of the tip, entirely surrounding a central pe 
or electrode made of tungsten, from whic! 
direct-current are passes to the work to gen 
ate the required body of concentrated heat, | 
are is produced directly between tungsten el 
trode and base metal, rather than between ty 
tungsten electrodes as is the practice in aton 
hvdrogen welding. 

In the heliare welding process, a shield 


helium gas thus envelops the molten meta 


Because helium is an inert gas, it prevents oy 
dation and eliminates the necessity of a flux a 
the danger of entrapped inclusions in the w 
metal that would promote corrosion. Heli 
has over five times the specific heat of air a 
when in motion prevents the accumulation 
heat in the metal around the weld, there! 
keeping it cooler and giving a better fusion 
penetration with less distortion and 
growth than other welding processes. 

The are is struck by a light brushing a 
and quickly drawn back from the metal 
will later be available that fe 
automatically, giving mor 
(Continued on page 


; 


tvpe of torch 
the filler rod 
form results than 


First Model of Heliare Torch in Opera: 
ing a Longitudinal Joint in Magnesium 
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Information supplied by National Fire Protection Association 


The surest way of preventing cutting and welding 4. Sweep floors clean before lighting the torch. 
fires is to keep flames, sparks, molten slag and hot 
metal away from flammable materials. This elemen- 
tary precaution is the most often ignored. 

There are other precautions which, if observed, will 
do much to prevent cutting fires. 


5. If combustible material cannot be moved, or 
if sparks or slag may lodge in wooden struc- 
tures, or drop through pipes or holes to floor 
below, use sheet metal guards, asbestos 
paper or curtains to localize flying sparks 

1. Always check fire hazards in new locations or slag. 


before s‘arting work. 6. Before cutting steel or iron be sure that it will 


2. Have precautions in individual cases speci- not drop on combustible material. 


fied by responsible authority. 7.When finished check surroundings thor- 
3. Move combustible material at least 30 to 40 oughly to make sure al] smouldering sparks 
feet away from cutting operation. are put out. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE—BRIQUETTED OR CANNED © FERROMOLYBDENUM «+ “CALCIUM MOLYBDATE” 
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Personals 


F. A. Pease, past secretary, 
New Jersey Chapter @, has 
opened a new laboratory in New- 
ark, rendering a wide range of 
metallurgical services. 

L. H. MeCreery @ is now in 
charge of the metallurgical lab- 
oratory, the Amertorp Corp., St. 
Louis, Mo. 


H. B. Myers @ has left Rust- 
less Iron and Steel Corp., Balti- 
more, to join MeConway & Tor- 
ley Corp., Pittsburgh. 


George A. Russell @ has left 
Creighton Mine, Ontario, Canada, 
to go to Wallace, Idaho as geolo- 
gist for Sunshine Mining Co. 


Ralph W. Fox @ is now as- 
sistant ordnance engineer, Ar- 
tillery Design Section, Ordnance 
Department, Washington, D. C. 


National Emergency Alternate Steels 


Drsic- 
NATION Mx 


NE 8024 0.22-0.28 1.00-1.30 
NE8124 ().22-0.28 1.30-1.60 
NE8233  6.30-0.56 1.30-1,60 
NE &245 0.42-0.49 1.30-1.60 
NES339 0.35-0.42 1.30-1.60 
NE 8442 O.38-0.45 : 
NE8447 0.43 
NES 
NE 8620 0.18 
NE 8630 


HEAVY DUTY CUTTING OM 


Recommended by America’s 
leading machine too! builders 


Stuart's 
SOLVOL 


LIQUID GRINDING COMPOUND ski 1] 


For carbide*tools and where 
an “aquamix"™ solution is 
recommended 


Stuart's 
CODOL 


LIQUID GRINDING COMPOUND 


Meets every test for the idea! 
Modern Grinding Compound 


Stuart's 


AMERICA’S FIRST TRANSPARENT 
SULPHURIZED CUTTING AND 
DRAWING OIL 


For All Cutting Fluid Problems 
D. A. STUART OIL CO. 


Chicago, U.S.A. (LIMITED 


Warehouses in All Principal Metal Working Centers 


“cranky” steels. 


CurmMican Composrrion 


Mo NI Cr 


0.10-0,20 
0.25-0.35 
0.10-0,.20 
0.10-0.20 
0.20-0.30 


HE answer will be “Yes” or 
“No”’—depending upon the 


used in handling the 


change-over. 

Changes may be required in 
tools and tooling; changes in 
speeds and feeds, and in cut- 
ting fluids. When this last fac- 
tor is considered 


Stuart Dil 
Engineering Service 
is equipped and ready 


to help you apply the 
SUPER KooL Right Cutting Fluid to 


Est. 1865 


Vetal Progress; Page 406 


Charles F. Benner & 


TMerly 
metallurgical engine: Genera 
Electric Co., Division, 
has become plant met irgist ‘ 
the Peters Cartridg, Division 


Remington Arms Co. Ine 
Kings Mills, Ohio. 


at 


Eugene E. Everett & lormer}; 
process engineer and met llurgist 
A. F. Holden Co., is ny district 
representative, Purdue | niversity 
Office of Defense Training jn En- 
gineering. Science and Manage- 
ment, in Muncie, Ind. 


Harvey B. Hays ©, recently oj 
Talon, Ine., is now employed as 
metallurgist by Armstrong Cork 
Co. 


Harvey U. Geist ©, formerly 
mill metallurgist of the Haleom) 
Steel Division, Crucible Stee! ( 
of America, Syracuse, N. Y., has 
been made assistant to the gep- 
eral superintendent. 


William H. Sparrow, Jr. @. 
formerly laboratory metallurgist 
Sperry Gyroscope Co., Brookly 
N. Y., is now metallurgist, Yor 
Safe & Lock Co., Special ©: 
nance Plant, York, Pa. 


Promoted by E. I. du Pont 
Nemours & Co., Inc.: R. B. K’Burg 
@, from salesman, electroch 
icals department, Chicago 
manager, cyanide products 
search and service, electrocly 
icals department, Niagara Fals 


N. Y. 
Roy W. MelIntosh & has | 


graduated from University 
Wisconsin, and is now in 
metallurgical department ol 
Belle City Malleable | 
Racine, Wis. 


Carlos Cowen @, torme! 
chemist with International 1 
vester Co., Richmond, Ind., 1s 20" 
chemist with National Cash Kes 
ister Co., Dayton, Ohio 

Transferred: R. N. Gillmor 
from metallographist, Sche® 
tady Works Laboratory, Gem 
Electric Co., to engineer in chats 
of the Syracuse Works Lal 
tory. 


. 
7 
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ne, Reynolds is dedicated, with you, to winning this war with a con- 
SS, single-purpose devotion to producing more aluminum, and still 


ber tomorrow comes, Reynolds will be with you—-with more alu- 
‘t lower prices than has ever been offered peacetime America. 
AP | 

ivy—its More aluminum, for War. 


NO 
LD METALS COMPANY, RICHMOND, VIRGINIA 


il 
it 
it 
}- 
is 
k 
b 
7 1939 Levels of W hte Alumi Producti 
vels rougn Froaducuon 
‘is aluminum at a production rate that had taken an industry nearly “The record of the Reynolds Metals Company 
years to attain—a rate that Reynolds energy and initiative achieved stands distinct and alone, because this company 
two years. was the first to realize that enormously increased 
° i quantities of aluminum metal would be abso- 
rh | sam gh bers never have been available today but 7 the lutely vital if victory is to be won.” ...From the 
: | eynolds Metals Co. I lanes are flying, ships are going owe speech of Senator Lister Hill on the Senate floor 
*Wways—that could not have been built but for the strong conviction that Mav 18. 1942. 
‘re must be more aluminum for America. 
ng before industry as a whole was called into action, Reynolds enlisted 
‘twenty-four hour production basis. Long before the critical need for Qt Y' NOL ) | 
um Was envisioned, Reynolds knew production had to be multiplied - 
‘they mortgaged the future to do the job that had to be done. ap 
Reynolds is producing aluminum—making it efficiently in its o Q) 
plants, from bauxite to alumina to the finished strong 
sol? Sarge plant in the world where these operations are completed . 
locality, 


TO] 
REY; 
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Personals 


William H. Evans @ has re- 
signed as mill metallurgist at the 
Alan Wood Steel Co., 
hocken, Pa., to accept a position 
as an industrial analyst for the 
Inventory & 


Consho- 


Requisitioning 
Branch, Division of Industry Op- 
eration, Priorities Bureau, War 
Production Board. 


J. E. Papy @ has been made 
eastern representative for Forg- 
ing Hillside, 
N. J. 


Casting Corp., 


Transferred: A. W. Demmler 
©. metallurgical 
nadium Corp. of America, to the 


engineer, Va- 


main office in New York City. 


Paul Rachett & has enlisted in 
the U. S. Army Air Forces as an 
Chanute 


aviation mechanic at 


Field, Tl. 


—because... 


Ductility 
1. Speed Treat increased production 42% Plus 
2. Speed Treat reduced scrap 16% Machinability 
(170 SFPM) 


3. Speed Treat reduced costs $51.50 per 


ton of steel used 


4. Speed Treat replaced shell quality steel 


In this “all-out” war effort Monarch Steel is co-operating 100%. 
We're helping to “keep ‘em rolling” with Speed Treat Steel. 


Licensor 


MONARCH STEEL COMPANY 


CHICAGO. 


HAMMOND 


INDIANAPOLIS 


PECKOVER'S LTD., Toronto, Canadian Distributor 


Licensee for Eastern States 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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C. R. Austin ©, 


SSor 
metallurgy at Pennsyly 
College, has been conforreg 


degree of Doctor of S ntia hy 
the University of Wal fe 
outstanding work in yp 


F. B. Davis ©. formerly wi 
Edgar T. 
been appointed Buffalo dist; 
manager for Copperweld Sto 
Co., Warren, Ohio. 


John Wischhusen is 
employed at Thompson Prodye 
Co., Inc., Cleveland, in develo; 
ment work for the metallurgic: 
research department. 


Jack M. Noy @ has left F. 
Mineral Co., Philadelphia, to }y 
come chemical engineer in th 
production department, Clima 


Molybdenum Co., Langeloth, Ps 


Robert C. Pultz @ has be 
promoted to senior inspector ai 
transferred to the Ashland, Ky 
plant of American Rolling \ 
Co. as resident inspector of naya 
material. 


A. E. Moredock ©, former!) 
metallurgical engineer with Chas 
Brass and Copper Co., Wate: 
bury, Conn., is now chief metai- 
lurgist, Kelly Springfield Eng)- 
neering Co., Allegany Ordnance 
Plant, Cumberland, Md 


Stephen J. Parker &, former!) 
research metallurgist, Wheeling 
Steel Corp., is serving as lieuten 
ant with the Naval Reserve al th 
Norfolk Navy Yard, Virginia 


Robert B. Corbett former) 
instructor at University of Pitts 
burgh, is now junior metallurgist 
at United States Bureau of Mines 
Pittsburgh. 


Philipp J. Krebs @, former! 
of Stewart-Warner Corp, 
cago, is now heat treat super! 
tendent with Kalamazoo 
Process Co., Kalamazoo, Mich 


F. C. Hutchison @ has seve" 
relations with The Linde A" 
Products Co., and is now chi 
engineer for Fairfax Engineer!" 
Co., Kansas City. 


Ward's Sons Co. 


Stee 


| 
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ATMOSPHERE 
CONTROL 


- 
REFRACTORY 


Standard furnace for 
hardening high speed 
steel tools. 


Special furnace for hard- 
tring large dies. 


Special vertical furnace 
for hardening large 
broaches up to 7 feet. 


Special furnace for hard- 
ening MOLY STEELS 
without decarburization. 


Request Bulletins 


“Certain Curtain’ gives you the world’s 
most precise furnace atmosphere control 


Today, 1942, when the performance of tools and dies is the vital sparkplug 
of war production, “Certain Curtain” furnaces are in tremendous demand by 
arsenals, armories, navy yards, repair ships, and every branch of industry. 
During fourteen years, it has become increasingly clear that “Certain 
Curtain” control of furnace atmosphere is something unique, outstanding, 
and DEFINITELY SUPERIOR in the heat-treating field. From the ex- 
perience records of customers numbering in the thousands, it is established 
that Hayes furnace users enjoy such advantages as: 


— 35% to 50% gain in heat-treating production per 
man per furnace. 


— SUBSTANTIALLY increased working life of tools 
and dies. 


— elimination of spoilage due to atmospheric attacks 
on the surface of the steel. 


We can schedule orders for completion reasonably early, and we offer all 
our engineering and design resources to help you decide upon the 
furnaces you need. 


CERTAIN 
ELECTRIC\ 


FURNACES 


C. |. HAYES, INC., Est. 1905, PROVIDENCE, R. I. 


G. HESS F. BURKE J. E. FIGNER Cc. A. HOOKER W. G. PRAED 
AAs Liberty St. bi Prospect 6388 Penn. Ave. 202 Forest Ave. 4939N. Talmen Ave. 
New York Cleveland Pittsburgh Royal Oek, Mich. Chicego 
ASS \ 


WS 
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Personals 


Cleveland, has been made a mem- 
ber of the American Steel Mis- 
sion to Great Britain recently ap- 
pointed by the Combined Pro- 
duction and Resources Board. 


George A. Roberts @ has re- 


ceived a Doctor of Science degree 
from Carnegie Institute of Tech- 
nology, and taken a permanent 
position with the Vanadium-Al- 


loys Steel Co. in Latrobe, Pa. 


Alfred Waryas @ has resigned 
his position as assistant metal- 
lurgist at the Detroit Testing 
Laboratory, and is now employed 
as metallurgist at the Chrysler 


Earle C. Smith chief metal- Ordnance Plant in’ Evansville, 
lurgist, Republic Steel Corp., Ind. 


POLISH ’EM OFF WITH 


They’re TOUGH 
and DO 
Their STUFF! 


Commandos of the 
grinding wheel indus- 
try —the first small 
wheels mounted on 
steel shanks and lead- 
ing the way today 
with smoother, more 
rapid grinding, polish- 
ing and finishing of 
difficult jobs. 


HI-POWER GRINDER 
Here's a real production tool—a 
3-pounder with enough power to 
drive a 2',” diameter wheel. 17,000 
r.p.m. In case with accessories, 
$38.50. 


LATEST CATALOG Packed full of 
comprehensive information and pictures. 
You'll be interested. Send for copy. 


CHICAGO WHEEL & MFG. CO. 


Makers of Quality Products Since 1896 
1101 W. Monroe St., Dept. MP 
Chicago, Ill. 


Chicago Mounted Wheels—the result of 45 years of KNOW 
HOW —come in a wide range of styles on different size shanks, 
for use with any portable or flexible shaft grinder. Several spe- 
cial-formula abrasives give 150°, to 300°. longer service. MNlore 
than 200 shapes, all mounted and rarin’ to go. 


TEST WHEEL FREE 
If you have a grinding problem, send for a 
Survey blank, which you'll find easy to fill 
out. Upon its return, our abrasive engi- 
neers will analyze it and send you without 
charge the trial wheel they recommend for 
your particular job. 


Send Hi-Power Catalog MP-9 
Free Wheel. Size 
Name 


Address 
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Daniel Chieger @ ho sig 
as metallurgist and hoa) 4, 
supervisor for Aeronau! Py 
ucts Inc. of Detroit t | 
plant metallurgist for L 4 
Young Spring and W ( 
Detroit. 


John C. Barrett former) 
with Baldwin Locomotive Works 
Eddystone, Pa., is now metal. 
lurgist with Taylo: Winfield 
Corp., Warren, Ohio. 


Allan E. Martin @ is leaving 
Carnegie Institute of Technolog 
to take a position as assistant 
professor of metallurgy in th 
School of Mines and Metallurgy. 
the Institute of Technology, | ni- 
versity of Minnesota. 


James A. Kavenaugh @ has | 
signed as assistant metallurgis 
Naval Aircraft Factory, P! 
delphia, to become welding 
process engineer for the mar 
facturing research departmen 
Vultee Aircraft, Inc., Detroit 


J. S. Loynd formerl 
spector in the Pittsburgh © 
nance District, is now chiet 
spector of ordnance at Colum! 
Machinery & Engineering Cor 
Hamilton, Ohio. 


Gerald A. Lux @ has resig! 
his position as research asso 
for the American Electroplaters 
Society at the National Bureau 
Standards to accept a posith 
development engineer with 
Divine Brothers Co. in U! 
_& 


Thomas F. Scott heat tres 
foreman, Trimont Mfg. Co., Bo» 
ton, has been made toreman 
tool and die heat treat for Wy- 
man-Gordon Co., Worcest 
Mass. 


E. F. Burke 6, Cleve ind ae 
for C. I. Haves, Inc., Ecco Hig 


Frequency Corp. and ! 

resting Laboratories, has! 

called to active duty in the ta TEI 


States Coast Guard Reserve © TITR 
lieutenant, junior ¢! 
agency will continue In 
in Cleveland while he 
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| BELT SURFACERS 


CARBON METERS 
COLORIMETERS 
CUT-OFF MACHINES 
DILATOMETERS 
DUST COUNTERS 


EMERY PAPER 
GRINDERS 


HAND GRINDERS 
HARDNESS TESTERS 
UBORATORY CHAIRS 
MAGNIFIERS 
WETALLOGRAPHS 
MICROSCOPES 

MACRO CAMERAS 

PH METERS 

POLISHERS 

POLISHING ABRASIVES 
POLISHING CLOTHS 
POWER GRINDERS 
PYROMETERS 
REFRACTOMETERS 


PECIMEN MOUNT 
PRESSES 


PECTROGRAPHS 
TEREOSCOPES 
TITRATORS 


to one inch in diameter. The 
recirculating water stream re- 
moves heat from the wheel 
and work. The cut off wheel 
is completely enclosed, yet 
readily available for chang- 
ing. It is a sturdy, attrac- 
tive laboratory machine. 


IF YOU DON'T HAVE A LABORATORY... 


You are neglecting an opportunity 
to increase your production and the 
quality of your products. In peace 
time a laboratory is highly desirable 
— now it is essential. 

There are many types of war produc- 
tion where laboratory control is ab- 
solutely necessary. If you are called 
upon to deliver a greater share of 
our war effort, prepare now for tech- 
nical control of your plant. 


During the past months we have in- 
stalled many elaborate metallurgical 
laboratories, far more installations, 
however, consisted of a few machines 
and instruments designed to con- 
trol a specific part or product. 
Whatever your problem may be, 
we offer you the advantage of 
our experience in similar cases. 


IF YOU DO HAVE A LABORATORY... 


You have probably found that the 
increasing rush of production has 
placed a serious strain on the facil- 
ities at the disposal of your techni- 
cians. It is no doubt true that this 
lack of sufficient equipment results 
in wasted time, confusion and in- 
accuracy. Yet, you are called upon 
day after day for increased produc- 
tion, greater accuracy and you most 
likely have a research job or two 
that should be squeezed into the 
schedule. 


We know of only one answer to this 
problem—equip your laboratory with 
more and better machines. Each job 
will then take a little less time and 
you will again be able to give your 
production department the answers 
they need when they need them. 


SPECIMEN CUTTER 


ABRASIVE CUT OFF 


will handle specimens up to 
three inches and larger. Un- 
usual features 
construction, attractive de- 
sitive control, and handy 
storage space. 


WET POWER GRINDER 


ASSEMBLY No. 1140 MACHINE No. 1000 No, 1215 
An abrasive saw designed to Designed for larger work than A wet grinder of unique 
cut off laboratory samples up the machine at the left. It design, built especially for 


are sturdy 


TUS 


metallurgical laboratories. 
The efficient water system is 
self-contained, and the cabi- 
net design also provides for 
storage space. The steel 
sign, enclosed for safety, sen- backed wheels are twelve 
inches in diameter. Grinding 
is efficient, practical and safe. 


JOOS 
LABOR 
Complete line of 
| 
/ 
\y- | 
4 | | 
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Magnesium Welds 


(Continued from page 404) 


where the rod is fed by hand.) 
Best results are obtained by 
feeding the filler rod into the 
tungsten electrode, which melts 
off portions of the rod, thereby 
‘asting a uniform weld ingot. 
This procedure has been found 
to be superior to the practice of 


feeding the filler rod into the 
molten pool under the are, 
whereby the molten pool is not 
sufliciently agitated to break 
the crust which gathers on its 
surface. Since the reflected 
heat from the tungsten over- 
heats the filler rod, an angle of 
60 to 90° must be maintained 
between the filler rod and the 
electrode. The torch must be 
held as near the weld as pos- 
sible to obtain the most benefit 


Z 


You would be delightfully amazed 
"to know, were we privileged to tell, 
-“TOPHET'* and other Wilbur B. 
Driver Company special alloys.t 
Here too their dependability and 


performance are outstanding. Con- 
sult with us for your electrical and 


© 
; NEWARK, NEW JERSEY a 
Manufacturers of “TOPHET"® the Nickel-Chrome Resistonce Wire 
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from the helium shieciq. 
the maximum are k 

in., else poor pene! 
gas holes will resul| 


als 
is Of 


ition 


On those alloys that haw: 
a tendency to be hot short. 
rapid welding speed js 
mended, approximately 3 
per min., to avoid cracking 

A conventional are weld 
ing machine with direct curre: 
generator having a 150-amper, 
output is desirable. Separaj 
amperage and voltage regy|s 
tors must be provided and ty 
machines should have a eo 
tinuous sequence of five incr 
ments of current control. 

The average life of a 2”. 
cu.ft. helium tank is about 
hr. of continuous welding wi! 
a medium-sized torch. Fai: 
pure helium gas is requir 
helium as purchased from | 
Government plant will caus: 
difficulties. Additional gases 
helium such as carbon dioxid 
hydrogen, nitrogen and |! 
hydrocarbons may cause 
nounced defects, but they 
easily be removed by prop 
chemical absorbents. Hydrog 
produces bad porosity. Oxyy: 
films the metal, causing po 
coalescence and inclusions. | 
presence of 7° nitrogen in th 
helium reduces the welding 
speed about one-third. 

This method of are weld 
has also provided an imports 
new tool for the fabrication 
structures from other alloy» 
such as stainless steel she 
Fusion welding of the lat 
becomes more and more di! 
cult as the sheet becomes 1! 
ner and thinner, but less the 
0.010-in. sheet has been ve! 
easily welded with lheliare 

In the heliare welding 
magnesium structures a tu! 
sten electrode is used = 
reversed polarity making 
magnesium the anode. Fo! 
ferrous and copper alloys. 
carbon electrode is used = 
the welded structure Is © 
cathode. Craters are elim 
nated by reverse polar!) “ 


\ 
OT 
vet 
ZS] 
~ 
heat-resisting alloy requirements. 


Illustration at left shows MAHR Recirculating, Semi- 
Pit Type, Stress Relief Furnace for stress relieving of 
weldments, etc., in the production of gun mounts and 
similor ordnance parts 


RAIDERS! Two or three miles up—flying 300 miles an hour 
or better! Knocking bomber or fighter planes out of the 
sky requires the utmost in precision manufacture and split- 
second aiming of the ‘‘ack-acks”’. 
Obvious indeed is the need for accurate heat treatment of 
the exact type needed for gun barrels and gun mounts. The 
barrels must withstand the intense heat and tremendous ex- 
7 plosive power of rapid firing. Mounts are subject to most 
| violent strains and vibrations. 
f MAHR Furnaces are successfully “hitting the mark”’ with every 
type of heat treatment needed for gun barrels and mounts, 
planes, tanks, warships. MAHR Furnaces have proven their 
merit in thousands of wartime and peacetime applications. 
A MAHR ENGINEER CAN HELP YOU on any heat 
treating problem .. . Write, wire or phone today. 
MAHR MANUFACTURING CO. 
DIV. DIAMOND IRON WORKS, INC. 
GENERAL OFFICES —MINNEAPOLIS, MINN. 
SALES OFFICES IN PRINCIPAL CITIES 
FOR EVERY HEAT TREATING NEED 
ANNEALING Furnace Types: Other MAHR 
CARBURIZING CAR BOTTOM  Fqvipment: 
BAKING PIT RIVET FORGES 
HARDENING ROLLER HEARTH BURNERS 
FORGING CONTINUOUS BLOWERS 
DRAWING POT VALVES 
3 STRESS RELIEF ROTARY SMITHING FORGES 
Throw your “SCRAP” 
4 Battery of MAHR Car Type Furnaces, made in double and single end into the fight —NOwW! 
ml- 'ype for normalizing and annealing of gun barrels—9O mm. to 155 mm. 
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Status of Strategic Metals 


(Continued from page 363) 
steel and forgings, toolsteel bars, 
pipe. 

Other products in Group I, 
consumed by metallurgical 
industries, are ammonia, asbes- 
tos, benzol, diamond dies, graph- 
ite (crucible grade), and nitric 


Group Il includes materials 
of which there are sufficient sup- 
plies for many essential needs 
other than for war industries. 
Metallurgical products in Group 
Il are: Antimony, beryllium- 
copper, bismuth, calcium, 
calcium-silicon, columbium, fer- 


rosilicon, ferrotitanium, iron 


HE word “Specialists” im- 

plies extensive experience 
in and greater knowledge of a 
given subject . . . and in this 
case the subject is Chrome-Iron 
and Chrome-Nickel Castings. 


We have been making these 
very useful static castings since 
1922 and since 1931 we've been 
making centrifugal castings. Both 


@ieeram » 


«5 


dates very definitely put us in 
the pioneering group. 


With complete and modern cast- 
ing facilities, we are in position 
to serve you on high alloy cast- 
ings, ranging from less than a 
pound in weight to several tons. 
With a modern machine shop 
we can finish them to any de- 
gree desired. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Detroit Eastern Office: 12 East 4ist St., New York, N. Y. Los Angeles 


The Duraloy Co. 


Scranton, Pa. 


Great Western Steel 


of Detroit Coffin & Smith Company 
Metal Goods Corp.: St. Leouis--Houston—Dallas—Tulsa—New Orleans 
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gray cast, malleable, pig 

mercury, platinum, rulheniyy 
silicomanganese, silicon ind its 
alloys, silver, spiegeleisen, zi 


conium and _ its alloys Othe 
products used by the m llurgi- 
cal industry in considera}, 
tonnage include alumina abro. 
sives, cryolite, domestic high 
alumina refractories (andalysit, 
dumortierite, Kyanite, s‘!liman. 
ite), magnesite, natural gas 
palm oil, petroleum coke, ang 
silicon carbide abrasives 
Group IIL includes materia). 
that are available in significan 
quantities as substitutes fo 
scarcer materials, and materials 
that are available in larg, 
amounts unless restrictions 9 
imposed by labor, manufactw 
ing, or transportation difficulties 
Metals included are: Ferrobo: 
ferromanganese, gold, indiu 
lead, osmium, palladium, sodiw 
Other plentiful materials 
sumed by the metallurgi 
industries include barium 
bonate, bentonite, caustic sod 
coal, charcoal, coke, chrom 
acid, fuel oil, gasoline, lim 
lubricating oil, muriatic acid, and 
soda ash. 


acid. 
SP | f 4 Th 8 i 


Kirplane propeller blades forged faster .. . free 
from fiber interruptions—with 


WIDE FORGING ROLLS 


; speed and facility A which Ajax Wide Adjustment Blanks of steel, aluminum, and magnesium are being drawn 

: Rolls draw the long tapered blanks for airplane pro- for a — range of military and industrial products on Ajax 
lier blades preparatory to finish forging in a hammer makes Wide Adjustment Forging Rolls. Their operation is extremely 
n indispensable in propeller production. The rolling simple and their production, particularly on long draws, 
ration is fast and the blanks are drawn accurately to cross- is many times that of the fastest swagers or trip hammers. 

os which fill out the entire length of hammer die im- An outstanding improvement is the wide adjustment gearing 
vons with negligible flash and a minimum number of (patented). It permits adjustment between roll dies approxi- 


er blows consistent with thorough working of the metal. mately 6 times that of earlier designs, thus reducing die main 
tenance to a fraction of former requirements. Backlash is 


Of vital importance is the assurance eliminated and the smooth operation of these rolls is reflected 
that finished propellers drawn on in the regularity of the surfaces rolled. 
Ajax Forging Rolls are absolutely free Ajax Forging Rolls are made in five sizes covering the entire 
from transverse fiber interruptions field of forging that can be handled manually. All sizes possess 
that occur when blanks are drawn on outstanding Ajax features that merit your purchase of Ajax 
¢ a hammer and result in fatigue failures Wide Adjustment Forging Rolls on the basis of mechanical 
x in flying service. soundness. Write for Bulletin 91-A. 
VA 7? BUY FORGINGS ON THE BASIS 


ie OF MECHANICAL SOUNDNESS 


AJAX FORGING ROLLS ALSO SPEED 
THE PRODUCTION OF: 


Gun Barrels Machine Gun Barrels 
Anti-Tank Gun Barrels 
Automatic Rifle Barrels Certain types of Bayonets 
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MANUFACTURING COMPANY 
BUCLID BRANCH P. O. CLEVELAND, OHIO’ | 


P 100 times as much as the fuse 
Bearings item just quoted! 


There seems to be an under- 


current of belief that the copper 


(Continued from page 369) and other strategic metal in car 
on available recoveries are not journal bearings can’t be used in 
as large as the ones given on page anything else but that service. I 
224 of August Mretat ProGress, recently had a visit from a rep- 
but since mine apply to freight resentative of one of the largest 
ears only and imply a saving of American smelting companies to 
two-thirds the weight (instead of whom I put this question, and he 
three-quarters), the tonnages are quite emphatically stated that his 
on the same order. They approach company could recover economi- 


MODERN BLACK 
FINISH FOR 
STEEL 


Hundreds of thousands of steel items in America’s industrial 


war effort are being finished and protected with Phytanium- 
Blended Pentrate 


Approved and specified on innumerable blue prints,this durable black finish has released great 


quantities of strategic metals for other purposes. 


The rich deep black appearance, durability, rust resistance and friction reducing quali- 


ties of Pentrate achieved immediate acclaim for steel propeller blades, aircraft contro! 


bearings, struts, rifles, side arms, machine guns, cartridge magazines, gun mounts, gauges 


close assemblies and hundreds of other steel items 


Our new Pentrate catalogue will describe just how 

this patented, economical, low temperature process 
can be fitted quickly into your present war produc- 
tion line. WRITE FOR IT TODAY. 


Canadian Representative, WILLIAM J. MICHAUD CO., Ltd., Montreal 
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cally and segregate a! ta 
car journal bearings it was 
made available, in refin plants 
now existing. 

One of the stock arcumenk 
for the solid brass bearing hy. 


always been that this brass 
needed to conduct the heat away 
and that any metal with 4 lows, 
heat conductivity would ¢ays, 


the journal to run at higher tey 


peratures. The tabulation on to 
of page 369 shows actua! test 
temperature readings, read at ¢) 
center of the bearing, next to th, 
journal, out to the top of th 
journal box. Old standard ang 
new composite bearings wer 
both tested. Loads and other ¢ 
ditions were equal in all tests 
Temperature increases wer, 
measured by embedded therm 
couples after 8 hr. continuous 
run at each speed, and the dat 
explode this heat conductivity 
theory! 

It so happens that this bearing 
has progressed beyond the lab- 
oratory and test plant stage and 
is now in service under sor 
railroad locomotive tenders. On 
set of bearings has run, as of th 
present date, some 16,000 mi 
and is giving a very satisfac! 
performance. Other test appli 
tions are being made. It differs 
somewhat from the iron-backe: 
type of bearing which was tr 
some time in the past, so unsu 
cessfully that it is prohibited by 
the Interchange Rule 19. T! 
substitute bearing assembly illus 
trated in this communication 's 
not an integral unit, as was anti 
pated under this rule, but th 
matleable iron adapter stays wil 
the journal box and all that & 
changed is the bearing itsell. © 
is interchangeable with the pres 
ent standard bearing withoul 2m) 
other collateral fittings, and 


can be and has been made in th 


same plants that make the co! 


ventional bearing. It requires © 


additional equipment or aller 
tion in practice; the only thins 
required for a general extenster 
of the bearing in use Is mat- 
ter of duplication of patterns 
the various foundries. 
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AMERICAN INDUSTRY 


IN a few swift months, America has achieved a miracle in con- 
version . . . from the implements of peace to the machines of 
war. 


Great plants transformed their production almost overnight 
from tractors to tanks ... autos to jeeps ... washing machines 
to gun mounts ... table knives to bayonets ... vacuum 
cleaners to fire bombs . . . airliners to flying fortresses. 


In changing to these new lines, each manufacturer had to meet 
and master scores of problems. Wherever Cold Finished Steel is 
involved, B&L engineers have taken over these many problems 
and rendered invaluable service in specifying steels, improving 
machine operations and recommending special heat treating or 
strain tempering methods. 


All for steel . . . and steel for all . . . that is today’s big job. 
Help him win by purchasing Bliss and Laughlin mills are running night and day to supply 
war bonds and stamps. Back their share of Cold Finished Bars for the nation’s victory needs. 


him 100% by meeting your 


quote of 10% every pay day. COLD FINISHED STEEL AND SHAFTING 


LAUGHLIN, INC. 


September, 1942; Page 417 


* 
et 
~< ME | 
d | 
| 
| | 
| 
\ Y f | | | 
| 
| 
| 
| 
| 
| | 
Offices in All Principal Cities JFFALO,N.Y. 
| 4] 
| 
| 
| 


Weld Inspection 


(Continued from page 367) 
criticism, and that consistent 
failure of the production depart- 
ment to produce results satisfac- 
tory to him may be a reflection 
on his own ability as well as on 
factors beyond his control, 

The two primary duties of the 
inspector are to assure himself 
that the spot welding equipment 


and operator are continually pro- 
ducing welding of good quality, 
and to assure himself that the 
parts contain no defective weld- 
ing which might have passed 
unnoticed in production. 
Although these two duties are 
sometimes divided between dif- 
ferent inspectors, it is strongly 
recommended that they be com- 
bined in one man, and, further- 
more, that the inspection of the 
finished parts or assemblies be 


conducted as soon after their 


MICHIANA 
Heat-Resistant and 


THERE IS 
NO SUBSTITUTE 


FOR EXPERIENCE 


Over 24 years of effort in the specialized field of heat- and 
corrosion-resistant alloy castings have given MICHIANA experi- 
ence covering the widest diversity of application. To this 
long practical experience MICHIANA has the specialized 
metallurgical engineering skill, modern facilities, and trained 
foundrymen to insure uniformity of quality in alloy castings 
needed to meet the present day demands for greater pro- 
duction. MICHIANA alloys are doing their part in the heat 
treating required to develop maximum properties in materials 
for machine tools and war equipment, and are performing 
vital functions in connection with the furnaces and handling 


of work through these furnaces. 


MICHIANA experience is at your service at all times. 


MICHIANA PRODUCTS CORP. 
Michigan City, Indiana 


Vetal Progress: Page 418 


completion as possib|, 
that any trend to defe: 
ing as evidenced on . 
pleted part may be 
and checked at the es 
sible time. 
Qualification of New Equi 
— The inspector should 
that every new piece of equip. 
ment is qualified for the jol 
before it enters production. This 
shall be done by (a) the shes 
pull test, and weld mer 
structure test, for every met, 
and every gage combination th 
the machine is intended to wo! 
in production, and th 
strength consistency test 
extreme 
These three tests are performe 


SCOVET 


est 


gage combinations 
as follows: 

(a) The “shear pull test 
determines the 
strength of the weld agains 
loads which preponderantly fy 
on spot welds. It is made by 
overlapping — the 
strips an amount equal to th 
width, welding one spot in 1! 
geometrical center of the o 
lap, and pulling to destruction 
a tension machine. Dimensi 
of test strips and recommend 


structura 


ends of ty 


range of average strength { 
24S-T and 17S-T sheet, alelad 
bare, are as follows: 


THICKNESS Wiptu LENGTH Srni 


(IN.) (Min.) (MIN.) (| 
0.020 3 
0.040 12 
0.060 5 7 

0.080 10) 
0.100 2 (j 172 


Three tests are made and | 
average reported as the resull 
the individual deviation ts 
than + 10% of the averas 
Larger deviations invalidal 
test. 

(b) The “weld metal s 
ture test” involves sectioning 


a joint so three consecutive s? 
welds are cut through their 
ter, mounting in lucite, polishin. 
and etching for micro-c\am 
tion. The shape and size of © 
weld structure, the presence 
holes or cracks, and the es! 
of the heat treated zone are th 
noted. Cracks extending be) 
the weld metal proper muy! 
the fatigue strength, and cay! 
(Continued on pag 
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is important in 


EMERGENCY STEELS 


National Emergency Steels have been de- 


veloped to help in meeting the needs of 
the steel user, while conserving strategic 


materials as national policy demands. 


The composition of these approved steels 
has been worked out by leading American 
metallurgists, pooling their knowledge and 
experience for the general good. 


Among the elements that impart required 
physical properties to NE Steels, Molyb- 


denum has an important place. 


The Molybdenum Corporation of America, 
producer of Molybdenum, Tungsten, and 
Boron, invites correspondence and will 


gladly furnish needful data on request. 


AMERICAN Production, American Distribution, 
American Control—Completely Integrated 


Offices: Pittsburgh, New York, Chicago, Detroit, 
Los Angeles, San Francisco, Seattle 


Sales Representatives: Edgar L. Fink, Detroit; H. C 
Donaldson & Co., Los Angeles, San Francisco, Seattle 


SA 


MOLYBDENUM CORPORATION OF AMERICA 


GRANT BUILDING, PITTSBURGH, PA. 
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. ness joined, are not considered the greatest percentage devia 
Weld Inspection detrimental. are considered in a sroup Jy 
(c) The “strength consistency themselves irrespectiv. of the 
= test” consists of making 25 con- order during welding, ang » 
(Continued from page 418) secutive tests in a lap joint so two welds giving, Dectivel 
lower the shear strength. Since spaced that the assembly can be the greatest plus and the great 
their effect is cumulative, their sawed into 25 individual speci- est minus deviation are Sones 
presence may be tolerated to the mens of the same geometry as ered as representative of th). 
extent of 3 of the spot welds the single specimen used in the group. The remaining 21] y, 
made on structural parts and 6% shear pull test. Each piece is are considered as another gro 
on non-structural. Small shrink- pulled in tension, and the arith- and the two spot welds of th 
age cracks and porosity, whose metical average strength and the group exhibiting, respective) 
maximum dimensions do not individual deviation determined. the greatest plus and the greates 
exceed 10° of the total thick- The four spot welds exhibiting minus deviation are eons 


ered as representative of 
group. With present operat 


methods it is reasonable to expr 
a maximum deviation jex 
than + 20° for the four w 
above mentioned, and less th 
10°. for the remaining 2 
Set-up Inspection Bef 
allowing welding of any ney 
different’ parts or any weld 
necessitating the use of a dif 
ent welding schedule than 
one on which the machine 
operating, the inspector sh 
perform the shear pull test 
(a), above and the weld px: 
tration test d), below 
the metal and gage combinati 
proposed, and the result s! 
indicate good quality and streng 


as defined by his instructions 
F nom T. Coast (dd The “meld pe re ir il 
test” is a visual inspection o! 


The Talk of the Machine Shops Wherever single spot made as in the sh 


test, cross-sectioned throu 
“They Satisfy!” polished and etel 
are used - - - -- - - Penetration of the cast me! 
. into the parent metal is t 
NOVO 

scope. Welds that penetrate le 

6-6-2 Tungsten than 20% the thiekness 
-Molybdenum the sheet are indicative ol 

High Speed Steel. unstable operating condi! 


severely cracked welds 


High carbon, be expected if penetra 


nin ar ee ats 
conditions should condemn 


and castings. 


es joint or procedure, even thous 
the 


welds in question 


For over 105 years we sound. (irregularly shaped © 
have served the industry having definite areas | 1 ma 
and we are proud of it. mum and minimum penetra! 


limits 


- shall not exceed these 
Production Quality 
tion The inspecto! sh 
assure himself that the que 
of production is the same 
the set-up inspection 


H. BOKER & Co., Inc. 
101 DUANE ST. © NEW YORK ducting, at least every 


(Continued on pag 
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HEAT TREATING STEEL CASTINGS AND FABRICATED 
STRUCTURES FOR U.S. SHIPBUILDING WITH 


View of STEWART car- 
type, over-fired furnace 
zh the front 

howing the work 

ating chamber with 

: 2 place. Note the 
sand seal and substantial 
car and wall construc- 


‘ormalizing, annealing and stress relieving of large steel castings furnace in extra space provided above the working area, making 
abricated structures are performed in many instances byin- the products of combustion travel downward through the load and 
strial furnaces designed and built by STEWART engineers. out through the floor flues at car level. This assures uniform heat ian 
The STEWART car-type, over-fired furnace illustrated above is distribution and avoidance of flame impingement i 
in Operation in the plant of a key naval supplier. It has double- This installation is typical of the industrial furnaces STEWART 
atom j oil burners using special combustion chambers to insure is designing and building to meet the specified requirements of \ 
mplete and uniform burning of oil for maximum efficiency and manufacturers all over the continent. In addition, STEWART builds 
temperature uniformity. a full line of pots and oven furnaces for which plans and patterns 


Note how the ducts from the combustion chamber enter the are now ready. 


A letter, wire or ‘phone call will promptly bring you information ond details on STEWART Furnaces, either units for which plans are now ready or units 
especially designed to meet your needs. Or, if you prefer, a STEWART engineer will be glad to cal! ond discuss your heat treating problems with you 


STEWART INDUSTRIAL FURNACE DIVISION of CHICAGO FLEXIBLE SHAFT CO. 


i in CANADA FACTORY 
| 


sina FROM A 25 TON CAR-TYPE... To A 6 INCH PoT 
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Weld Inspection 


(Continued from page 420) 
a Standard shear pull test for 
every machine assigned to him. 
The deviation in the shear 
strength of any one specimen 
pulled during these tests should 
not be greater than + 20° of the 
average of all the test specimens 
tested set-up. (The 
set-up inspection shear pull test 


since 


shall be included in the average 
considered.) If a greater devia- 
tion appears, the inspector shall 
then conduct a weld consistency 
check test, as described in (e), 
below. If the results shown by 
this test are in accordance with 
the standards of good quality, 
the inspector should permit con- 
tinuation of the operation. If 
not, the operation must be sus- 
pended and renewed only after 
proper corrections in the weld- 
ing process have been made to 


Exceptionally close temperature uniformity for work requiring a 
maximum of 1300° F. is obtained in this R-S Convection Car Type 
Furnace. Large volume air circulation permits rapid heating and 
high production. Program heating and cooling is also possible 
on work requiring a slower rate of heating or a definite time- 


temperature cycle. 


Automatic temperature control and combustion safety devices 
with dependable air circulation and proper distribution assure a 
continuous flow of uniformly heat-treated material. 

The direct mounted electric car drive permits smooth operation 


with safety. 


Benefit by our broad experience in the industrial heating field. 
Add your name to the growing list of satisfied R-S customers. 


R-S PRODUCTS CORPORATION + 128 Berkley Street, Phila., Pa. 


Heat Treating 
Annealing 


Car Hearth Forging 


Rotary Hearth 


Recirculating 
Continuous Conveyor 


Billet Heating 
Plate and Angie Heating 
Soft Metal Melting 
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enable it to pass the <)ea) 
weld penetration and welq 
sistency check tests. 

(e) The “weld iste) 
check test” is not a bstit 
for nor an equivak of 
strength consistency 
sists of laying one striy 


another and making Series 
15 welds at standard Spacing, T] 
free ends are then bent 


one held in a vise, and the ot) 
pulled so the two strips are 
apart by a stress that loads 9 
welds in tension. The diame: 
of each “button” is then m 
ured, and arithmetical ave; 
and individual deviation figy; 
It is reasonable to expect a dey 
tion of less than + 10° ony 
diameters. (If the welds fyi) | 
splitting rather than pulling 
the diameter of the weld “eas 
ing” should be used.) 
Additional Production Ins; 
tion should verify that the s! 
used in the shear pull test 
the same material as is in 
duction, and that the test pi 
are characteristic of the weld 
done on the finished part. | 
in the production run 
inspector should test the 
welded by means of a thin s! 
knife not over 0.020 in. th 
inserted between the lapp 
parts alongside the weld in suc! 
fashion as to exert a direct | 
sion force upon the edge of t! 
weld, taking care that the | 
exerted by him should cause 
appreciable plastic deformal 
of the metal alongside the sp 
weld. In all conditions the w 
should be capable of sustain 
such loading without fracture 
Inspection of Finished P 
The spot welding inspec! 
should inspect visually 
spot weld on every par! 
assembly for which he is resp 
sible and assure himsell th 
their general quality is “¢ 
as defined in the standards 
addition to this he should ass! 
himself that the welds exh! 
sufficient structural strength 
withstand such loadings 
be applied to the part or asse! 


| 


bly, by bending or twis'!s 


part without exceeding U! elas! 
limit of anv section of the ps 
or assembly. In case of doul 
we 


should also test occasi: 
by the pry method. 


44 
¥ 
~ 
i 


Harry Harris, president of Gen- 
eral Alloys Co., phoned that his adver- 
tising copy for this issue of Metal 
Progress had gotten mixed up with a 
lot of new war production contracts he 
had just received and could not be 


located! 


As we had to close the forms 
Harry said to tell you that General 
Alloys is still in there fighting and 
would be on the front line until this 


fracas is over. 
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Adhesion of Tin-Base Bearing Metals* 


By W. T. Pell-Walpole, J. C. Prytherch and B. Chalmers 


DEAL BONDING of metal to 
metal occurs when the two 
form continuous solid solutions. 


This cannot obtain in composite 
bearings for the iron or copper 
(bronze) shell forms compounds 


with the intermediate layer of tin. 


This discussion is confined to the 
casting of the bearing alloy on 
The tinned 
surface must either be cleared of 


the pre-tinned shell. 


any oxide skin which would pre- 
vent the molten 
from uniting with it, or else the 


bearing metal 


LECTRODE design, current effi- 

ciency and improved procedures re- 
duce deposition time formerly required 
by other systems as much as 25 to 40 
Under these high speed conditions hard, 
smooth, bright and closely grained de- 
posits that firmly adhere to the elec- 
trodes are produced, thus assuring good 
reproducibility of results. Users re- 
port an accuracy of 0.01 to 0.04% for 
routine determinations. 

Each model is portable and enclosed 
in a welded steel case finished in acid 
resistant baked white enamel. The 
brushless motor is vapor tight and is 
therefore unaffected by corrosive fumes. 

Both models have an _ electrically 
heated, rheostat controlled beaker plat- 


METALLURGICAL PRODUCTS ANALYZED 
SPEEDILY AND ACCURATELY 


Slomin High Speed Electrolytic Analyzers 


E. H. SARGENT & CO., 155-165 E. Superior St., Chicago, IIl. 


form for adjusting solution tempera- 
tures, and voltmeters and ammeters so 
that detailed studies can be made. 

Each position of the two place ana- 
lyzer is a complete circuit that operates 
independently of the other. Conse- 
quently this unit can be used for the 
simultaneous determination of two 
samples having widely divergent char- 
acteristics. 

These are some of the reasons why 
more than 600 Slomin analyzers are 
now in use. 

A laboratory manual of high speed 
electrolytic methods of analysis written 
by G. W. Slomin is supplied with each 
analyzer. Individual copies are avail- 
able at $1.00 each. 


@ S-29460 Slomin Electro- 
lytic Analyzer. One position. 
5S Ampere Model, with Heat- 
ing Plate. For operation from 
115 vole, 60 cycle circuits. 
Each $155.00 
@ S-29462 Ditto. Burt for 
operation from 230 volts, 60 
cycle circuits. Each $160.00 
@ S-29465 Slomin Electro- 
lytic Analyzer. Two posi- 
tions. 5 Ampere Model with 
Heating Plate. For operation 
from 115 volt, 60 cycle cir- 
cuits. Each $275.00 
@ S-29467 Ditto. But for 
operation from 230 volts, 60 


cycle circuits. Each $285.00 
High Speed Electrodes 
for Use with Slomin 
Electrolytic Analyzers 


@ $-29632 Corru- 
ated Platinum 


node (Patent 
pending). Price sub- 
ject to market. 

@ S$-29672 Corru- 
ated Platinum 
athode (Patent 

pending). Price sub- 

ject to market. 


Literature 
on Request 


SCIENTIFIC LABORATORY SUPPLIES 
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shell must be maintaineg al 
the melting point of and tt 
molten bearing metal fod to » 
such a manner that the oxic 
will float (a plan Juent 


adopted in die casting prac 
If the shell has been “tip, 
with pure tin or with an 
mechanically weaker than th, 
ing alloy, then the latter my« 
kept liquid for sufficient ti, 
permit complete mixing with 
on the surface and in the j 
stices of the compound |a) 
otherwise the final bond wi 
weak. The pouring temperat 
must not be high enough to , 
mit excessive oxidation, o1 
skins may get trapped in o1 
the bond. In practice, the co 
content of the white meta! | 
the minimum pouring tempe: 
ture that 


risk of separating Cu,Sn. erysts 


can be used will 

After casting, the mass 
be cooled without impairing | 
bond. This operation may hy 
cussed in four stages: 

Stage I, from pouring 
perature to liquidus, is us 
very short, and it is unlikely t! 
the nature of the bond would | 
affected appreciably in this | 
In some hand-poured bearing 
the molten alloy is stirred 
puddled to eliminate air traps 
the bond, or escaping gas 

Stage Il, separation ol 
The n 
antimony-copper-tin  bearin. 


mary crystals 
metals may yield either Cu,5 
“needles”, the SbSn “cuboids’ 
both, according to composi! 
If more than 0.1% Ni is pres 
traces of Ni-Sn compound 
occur. Lead and cadmium do ne! 
cause new compounds. 

The SbSn 
easily 


cuboids 


more than the 


} 
needles, both on account of ™% 
greater density difference 
because Cu,Sn. readily torms 


network structure, which pr 


(Continued on page 


*Extracts from “An vestig 
tion of the Factors Governing © 
Adhesion of Tin-Bas« urine 
Metals”; Paper 923, Jou! Inst 


tute of Metals, 1942, Vol. ©». 
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Let this Service Help You 


Speed up Production 
of Metals and Metal Products 


ELOW is a partial list of the ferro-alloys and 
B alloying metals that we produce. Some of these 
are strategic materials. All of them are important 
ingredients for making iron, steel, and certain non- 
ferrous metals. 

During our more than 35 years’ experience in 
the production and use of these alloying materials, 
we have developed a vast fund of information 
about the production, fabrication, and use of iron, 
steel. and other metals. This reservoir of metal- 
lurgieal data is available to you who work with 
metals to help you do your jobs in the simplest and 
qui kest way. 

his serviee is given practical effect by a staff 
of trained metallurgists who can give you on-the- 
job assistance. In addition, our extensive labora- 
tory facilities are available for solving your special 


problems. 


Perhaps, for instance, you are having difficulty 
getting certain alloys these days. Then let us sug- 
gest how you might use available materials and still 
maintain the quality of your product. 

Nothing should interfere with speed and more 
speed in metalworking production today. Toward 
this end, ask us for whatever help we can give you, 


without obligation. 


ELECTRO METALLURGICAL COMPANY 
Unit of Union Carbide and Carbon Corporation 


UCC) 


30 East 42nd Street, New York, \. ¥. 


“Electromet™ Ferro-Alloys and Metals are available through 
offices of Electro Metallurgical Sales Corporation in Birming- 
ham, Chicago, Cleveland, Detroit, New York, Pittsburgh, 
and San Francisco. In Canada: Electro Metallurgical Com- 
pany of Canada, Limited, Welland, Ontario. 


Electromet 


TRADE-MARK 


Ferro-Alloys & Metals 


CHROMIUM 


Low-Carbon Ferrochrome (in 
grades, maximum 0.06% to 
maximum 2.00% carbon 
High-Carbon Ferrochrome 
maximum 7.00% carbon 
Nitrogen-Bearing Ferrochrome 
S. M. Ferrochrome 
Chromium Metal 
Chromium-Copper 


Miscellaneous Chromium Alloys 
'LNGSTEN 
Ferrotungsten 
Tungsten Powder 


The words "'Electromet™, 


SILICON 
Ferrosilicon 50° 
Ferrosilicon 75% 

Ferrosilicon 80 to 90°; 
Ferrosilicon 90 to 95°, 
Silicon Metal 
“Silcaz”’ Alloy 
“Silvaz”’ Alloy 
“SMZ” Alloy 
Miscellaneous Silicon Alloys 


ZIRCONIUM 


Zirconium 12 to 15% 
Zirconium 35 to 40% 


CALCIUM 


Calcium-Silicon 


MANGANESE 


Standard Ferromanganese 


78 to 82% Calcium-Manganese-Silicon 


Low-Carbon Ferromanganese Calcium Metal 
Medium-Carbon Ferro 
manganese 
Manganese Metal 


Miscellaneous Manganese 


Alloys 
VANADIUM 
“EM” BRIOUETS All grades 
Patented e 


Silicon Briquets 
Silico-Manganese Briquets 


Chromium Briquets Ferrocolumbium 


Sileaz”’. and “’Silvaz™ and the letters "EM" and “SMZ"* are trade-marks of Electro Metallurgical Company. 
FOR VICTORY 
BUY 
WAR | 
BONDS 


STAMPS 
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SILICO-MANGANESE 


COLLMBIUM 


In centrifugal casting, even with Cu,ySn,; needles strep 


Adhesion of Bearings very rapid rates of cooling, the bond in a steel she! 


centrifugal force causes the attach themselves, end 
heavier Cu,Sn, needles to move FeSn, in the tinned | 
(Continued from page 438) outwards toward the shell and Slow cooling tends 

vents the segregation of  indi- the lighter SbSn cuboids toward larger crystals and m 
vidual crystals. In static casting the inner surface of the liquid. bonds. Fine crystals also » 
the rate of cooling during Stage In hand pouring, with the axis of ate the erystallizati. n my 
Il will determine the extent of the shell vertical, there will be no mother liquor (Stage [I] 
segregation, and either SbSn or special tendency for segregation thus refine its grain. 
Cu,Sn, will accumulate at the toward the bond. Stage III, solidification 
bond according to whether the While a thick layer of brittle tin-rich matrix——Sinee | 
shell is above or below the lining. compounds will weaken the bond, shrinks on solidification | 


prime aim will be to avoid , 


ties. For this purpose the solidi 
cation range should be short 
varies considerably with 0; 
slight changes in compositi 
and with normal casting eo; 
tions the freezing range will y.) 
with the rate of cooling. 1) 
usual antimony-copper-tin a| 
(free from impurities) hay 
maximum matrix solidificat 
range of 465 to 430° F.; the mi 
mum range depends only on t 
antimony content. The additi 

of nickel does not affect this 
range, but lead even in sma 

amounts will seriously extend t! 
range, approaching the tempera 
ture of the tin-lead binary eut 
tic, 360° F. Cadmium similar\ 


extends the freezing range, bu! 
IF YOU NEED PRODUCTION |) 
lead plus cadmium has an eve! 
greater effect than either alone 


PANGBORN AIRLESS EQUIPMENT DELIVERS IT! "The aim is to decrease the dis 


tance the liquid metal must fee 


Day and night — PANGBORN Blast Cleaning in order to reach and fill cavities 
Equipment is ON ACTIVE DUTY! The efficiency as they form. Fast cooling rales 


. mean steep temperature gradients 
of every unit we make is dedicated to the one fact 
and short distances between soi 


that WE HAVE A WAR TO WIN — and only the portions and liquid remainders 
continuous production of MORE PRODUCTS, IN however, this desirable condition 
LESS TIME — WITH LESS WASTE —will win it! is opposed by the fact that fas! 
ROTOBLAST Barrels, Tables and Special Cabinets cooling rates cause “underce 

are doing a record smashing job in cleaning shells, ing” and so widen = oct 
bombs, all kinds of castings, heat-treated parts, 
forgings, armor plate, tank parts, etc. We can Sia pressure on the feeding 
help you too! Write or wire. stream. The centrifuga! process 


automatically provides a sims 


Send for ROTOBLAST Barrel and Table Bulletins pressure. In hand pouring * 


suitable head of liquid mela 


PANGCBOR AE 
9 ort 
Even with an alloy ©! sh 


WORLD'S LASGEST MANUFACTURER OF DUST COLLECTING AND BLAST CLEANING EQUIPMENT freezing range, with optimum 
PANGBORN CORPORATION ... HAGERSTOWN, MARYLAND ‘ 


(Continued on page 
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for new furnace operators 

wo WAR II has brought © overall performance from such materials. 
many changes in plant personnel. If your operators need this information, 
Many men without prior experience have — we invite you to call on our refractories 
been called on to undertake the monu- — engineers. They’re men with a wide back- 
mental job of keeping machines and fur- — ground of practical skill, gained through 
naces working at top speed. Perhaps some __ years of experience and an intimate knowl- 
of these new men, now operat- edge of every type of furnace. 
ing furnaces for you would like They will explain what working 
to know more about the super practices will assure longest life 
refractories with which these from your super refractories 
furnaces may be lined, and and thus help you to secure 
what precautions are necessary continuous maximum _ produc- 

to secure the best possible tion and highest efficiency. 
CARBORUNDUM 


Refractory Division, THE CARB oO RUNDUM COMPANY, Perth Amboy, N. J. 


( hicago, Philadelphia, Detroit, Cleveland, Boston, Pitt«burgh 


St. Lowis, Mo.; Harrison & Company, Salt Lake City, Utah 


Pac 


Company, El Paso, Texas; Smith-Sharpe (Company 


Distributors: MeClonnell Sale 


tthe 


« and Engineering Corporation, Birmingham, Ala.; Christy 


Abrasive Supply Company, Loe Angeles, San Francisco, Calif Denver Fire Clay 


Minneapolis, Minn 


(Carborundum is a registered trade-mark of and indicates manutacture by The ¢ arborundum Company 
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Adhesion of Bearings 


(Continued from page 440) 
cooling rate and maintaining a 
pressure feed, any isolated small 
pool of liquid will form a shrink- 
cavity on solidifying. 

A multitude of minute shrink- 


age 


age cavities at the bond are 
undoubtedly the cause of poor 
adhesion, especially in_ steel- 


backed bearings. Seemingly the 
last liquid in the interstices has 
drained away to feed the body of 
the lining, leaving shrinkage cavi- 
ties at the bond. To avoid this 
defect, solidification must com- 
mence from the back of the shell 
and proceed toward the surface 
in such a manner that there is 
always a continuous supply of 
liquid to feed the shrinkage at 
the bond. The centrifugal process 
automatically provides satisfac- 


“FORANY 


DEGREASER 


most 


HIGHLY STABILIZED SAFETY SOLVENT 


% Efficient, low cost degreasing is always assured 
when Perm-A-Clor is used as the solvent. 


Perm-A-Clor is much more stable, both as a liquid and as a 
vapor, than ordinary solvents. Its resistance to decompo- 
sition by heat, or in the presence of metals or moisture is so 
high that it may be reused indefinitely. 


It is extremely economical, since only small additions of 
solvent are required to compensate for natural vapor loss. 
It is a non-flammable chlorinated safety solvent. 


A Detrex engineer will gladly acquaint you with the advan- 
tages of Perm-A-Clor for your degreasing operations... 


no obligation, of course. 


DOLVENT DEGREASING and ALKALI CLEANIN 


DETROIT REX 


13006 HILLVIEW AVENUE © DETROIT, MICHIGAN 
Brench Offices in Principel Cities of U. $. A.—In Conede: Conedien Henson & Ven Winkle Lid, 
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tory cooling 
solidification starts om 
shell side at either ivin 


solidus parallel to th, bond in 
circumferential section 
inclined to the bond in 4 longi- 
tudinal section. In di casting 


hand pouring, specia! provisic 
must be made, as by maintaining 
the mandrel hotter than the shy 
with normal air cooling, or jy 
more positive cooling irom the 
shell side by an air blast or wate 
spray. In hand pouring, with th, 
cylindrical axis of the she 
upright, efficient feeding shoyly 
be maintained by positive eo 
ing from the shell side and {; 
the bottom upwards, with a hy 
of liquid at the top which ea: 
kept heated if necessary. 

Stage IV, cooling of s 
bearing to room temperatur 
Stresses may be set up by {! 
differential contraction bety 
the backing and the lining | 
rial. The coefficient of expans 
for bronze is much nearer to t! 
for tin than is the coeflicient 
steel, and hence the stress set 
in a bronze-backed bearing 
be much lower than in a s! 
backed bearing. 

Other factors affecting 
residual stress will be the th 
ness of the lining relative t 
shell, the rate of cooling, and | 
ability of the white metal to 5 
to the increasing stress as cooling 
proceeds. The extent to whic! 
the white metal can vield to ! 
imposed stresses is determined 
by the rate of cooling and th 
creep strength of the lining In 
the latter respect, the comp 
sition of the bearing metal ' 
important, for tin-base alloys 
containing cadmium have much 
higher creep strength than other 
tin-base alloys, and 
lined with such alloys have bee! 
found to crack away trom the 
backing when cooled at | 
which could be used quite sate! 
for similar cadmium-tr 
Clearly, cooling during the 


a fa 


isi 


stage should be as slow as prac’ 
through- 
cable. and occur evenly 


out the bearing. 
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> most widely used DIOCK | 


00° F. and 1900° F. 


Throughout the Iron and a 

industries, J-M 
ized as the 
been recognize 
block insulation for temperatures 
to 1900° F. behind refractory 

up 
linings. | 

Made of high-quality, —_ 
diatomaceous silica, 

Se ae 1 insu- tiny “dead air cells” in J-M Superex prese 
dable barrier to the Passage of heat... are largely 
! ting efficiency. For complete responsible for its low thermal conductivity. | 
atin 
ite for IN-101A. 
East 40th HIGH HEAT RESISTANCE 
Sect, New York N.Y ly withstand temperatures up to 1900° F 
York, N. Y. 

Street, New 


cu. ft 


billions of 


nt a formi- 


Blocks safe- | 


Approximately 24 Ibs. per 


tion and other ph 
Johns 


- | 
“Approximately 4 tons pressure 
x Per square foot are required to compress Superex 
INDUSTRIAL 


CIENCY —Superex maintains 
| its high thermal] efficiency indefinitely — not 
NS disintegrate in the service for which it is recom- 
mended. 

temperature QUICK APPLIC 


and light weight 
cal installations. 


ATION—The convenient sizes 


of Superex assure fast, economi- 


| 
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at be easily cut with an ordinary knife or saw for 
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Available for 


New 


Readers may obtain complete details on these products by writ- 
ing to the manufacturer direct, or to Metal Progress, and we will 
gladly pass requests on to the manufacturer. Simply mention 
the paragraph numbers of the items in which you are interested. 


Powder Metal Press 

Automatic press, Model 74, is 
one of the largest machines of its 
tvpe for producing parts from 
powdered metals. Oil-less bear- 
ings, iron gears and cams, metal 
filters, metallic electrical contact 
points are a few of the products 
that can be formed on this press 
from powdered iron, bronze, 
aluminum or platinum. Manu- 


factured by Kux Machine Co., 
Chicago, the machine embodies 
new features that permit the man- 
ufacture of odd and difficult 
shapes, parts with cored holes, 
protruding lugs and various sec- 
tional thicknesses to a high de- 
gree of accuracy. (No. 81) 


New Tool Stand 

Designed to serve as a vise or 
clamp for holding micrometers, 
snap gages and other precision 
tools, which if held in the hand 
will expand and distort from 
body heat. For precise measure- 
ments, therefore, tools should be 
handled in a fixture of this type. 
Manufactured by George Scherr 
Co., New York City. (No. 82) 


New Cutting Oil 

“Cut-Aid”, a new industrial 
cutting oil perfected by Gulf Oil 
Corp., Pittsburgh, is said to have 
greatly increased penetration, 
cooling power, film strength and 
“wetting” ability. Used alone or 
in combination with other cutting 
oils, tools bite deeper and cut 
faster without creating excessive 
heat. In one demonstration, 
“Cut-Aid” was used on a machine 
that was throwing up a plume of 
smoke while operating at 100 ft. 
per min., surface speed. After the 
new cutting oil was added to the 
lubricant already in use, there 
was not a trace of smoke at 300 
ft. per min. (No. 83) 


Radiograph Developer and Fixer 

Two new additions to Kodak 
aids to better radiography are 
certain to have a wide effect on 
industrial X-ray processing, ac- 
cording to Eastman Kodak Co., 
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Metal 


Products 


Workers 


Rochester, N. Y. Kodak Liquid 
X-ray Developer, and Koda 
Liquid X-ray Fixer are tested 
chemicals compounded into 
centrated liquids. These liquids, 
based on comprehensive tests 
and actual use with the Kodak 
industrial X-ray films, Types A, 
F, and K, are in every way th 
equal of those made from chemi- 
cals in powder form. (No. 84 


Abrasive Cut-Off Machine 

An abrasive cut-off machine 
to handle any metal — hard or 
soft, tubular or solid, including 
hardened toolsteel — is being 
manufactured by the Challenge 


Machinery Co., Grand Have 
Mich. Machine has a capac! 
up to 1-in. round, can be plugs 


into any light socket. No. 5 


New Cr-Mo Steel 
A new steel, “Elastul Chi 
Moly Modified”, has been brous 
out to meet the W.P.5. rest 
tions on alloys, especialy 
vanadium and chrom! 
(Continued on pa 
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ALUMINUM CASTINGS 


Meeting Today’s Demands 
Assuring Tomorrow’s Needs 


* Our battery of modern squeezer 
molding machines is manned by 
‘killed workmen with years of ex- 
perience in making castings. Today, 
they are turning out castings with 
speed and precision for victory. 
Tomorrow, this same skill, plus 
priceless new experience will be 


available for your peace-time needs. 


rt ONE ALUMINUM 
‘Twin Plants, CLEVELAND, 
~NEW YORK —111 Broedwoy * DETROIT — Stephenson Bids. 


CHICAGO — 188 W: Randolph LOS ANGELES— 405 S. Hill 


Makers of QUALITY SAND AND MOLD 


cit 
f 


New Products 


(Continued from page 444) 
alfect three of the 
Elastuf steels Elastuf Type A, 
Elastuf Chro-Moly, and Elastut 
44. The new Chro-Moly Modified 
is a manganese-chromium-nickel- 


standard 


molybdenum steel with the per- 
alloy content. 
treated and 


missible low 
Available in heat 


machinable condition the 


tri-warehouse group of Horace T. 


Potts Co. of Philadelphia, Brown- 
Wales Co. of Boston, and Beals- 
McCarthy & Rogers of Buffalo. 
Physical data on the new steel 
are being compiled. (No. 86) 
Welding and Brazing Fluxes 
National Cylinder Gas Co., 
Chicago, has brought out a new 
line of field-tested welding fluxes 
for both ferrous and non-ferrous 


ELASTUF 


CHRO-MOLY 


MODIFIED 


ALLOY STEEL Heat Treated 


Offering to steel users the same time- and labor-saving 
advantages which characterize all ELASTUF Steels. 


—An NE 8744 ALLOY STEEL made under grain size 
control, from specially selected billets, assuring de- 
pendable uniformity in quality and physical properties. 
—A Heat Treated ALLOY STEEL with actual physical 
properties developed for each size range, thus— 
“Ready for use without guesswork.’’ 

—A Heat Treated ALLOY STEEL which can be readily 
machined, and then put into service—without further 


heat treatment. 


Within the limitations of its tensile properties, ELASTUF 
CHRO-MOLY MODIFIED, Heat Treated, will replace the 
ELASTUF Steels—TYPE A and CHRO-MOLY—which have 
been retired for the duration because of the alloy shortage. 

For applications requiring oil-hardening steels for heat 
treating after machining we have available the new NE 
8744 and NE 8749 Alloy Steels Hot Rolled Annealed. 


SEND FOR COMPLETE INFORMATION 


Complete facts on these new steels will be sent upon request. Specify 


which is desired. 


These Steels Are in Stock Ready for 
Immediate Delivery to Essential Users 


z 
A 


BROWN-WALES CO. « 
HORACE T. POTTS CO. 


BEALS-McCARTHY & ROGERS ¢ BUFFALO-ROCHESTER 


BOSTON, MASS.-LEWISTON, ME. 
PHILADELPHIA-BALTIMCRE 
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metals. Features of this ney 
include reduction fumes 
bubbling and boiling 
ability to adhere to hot pods 
the proper proportion with 
duced tendency to blow away 


Welding Positioner 
Heavy-duty unit has be 
added to line of standard wely. 
ing positioners manufactured }y 
the Industrial Division of Rap. 
some Concrete 
Dunellen, N. J. 
handle a maximum load of 22), 
tons with a center of gravity 12 
in. above table top, tilting it to 
any position through a range of 
45° from horizontal in one diree- 
tion to vertical in the other, for 
down-hand welding on almost 
No. &8 


Machinery | 
Machine wil 


any seam. 


Wear Gage 
Amount of material removed 
from metallic surfaces after wear, 
abrasion, grinding, honing or 
lapping, can be measured precise- 
ly with the McKee Wear Gage, 
announced by the American In- 
strument Co., Silver Spring, Mary- 
land. 
little wear as 15 millionths of an 
The maximum is 0.0014 in 
(No. 89 


The gage will measure as 


inch. 


Rocker-Arm Welder 

Line of rocker-arm welding 
machines, available in 48 models, 
has been announced by Progres- 
sive Welder Co., Detroit. Ma 
chines are available in four ¢a- 
pacities with three types of drive 
and a full range of throat depths 
from 12 to 36 in. (No. W 


Gibsiloy Contacts 

Gibsiloy contacts are no 
available in laminated metals 0 
which materials and base metals 
are combined to obtain the bes! 
features of each, according to 
Gibson Electric Co., Pittsburgh 
Gibsiloy is used as a facing where 
its electrical properties are 
to best advantage, and inexpel 
ior back- 


used 


sive base metal is used 


ing material, which | sults mm 
-vation of 

lower costs and conservation 
No. 91 


vital metals. 
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Tool Hardening 


(Continued from page 383) 
expansion, which could not be 
the 
fully hard case without splitting. 
Actually it would have been far 
better to cool the tool right out 


accommodated — by already 


in water, and temper it later by 
reheating the whole tool to the 
desired tempering temperature. 

This cracking 


type of ean 


also occur where an attempt is 
made to part-quench in water, 
and then and finish- 
quench in oil. Jt is usually far 
safer to boldly quench right out 
the 
water-quenching steel. 


remove 


in water, if material is a 


The Tempering Operation 


Tempering is the milder 
reheating that 
quench. 


follows a 
Note the 


com- 


plete word 


Just as a task force is sent out to accomplish a definite war opera- 
tion, so is Ampco Metal selected to do a definite application job. 

Where parts are subject to highly stressed conditions — where 
a bronze is needed that can “take it’’ under severe operation — 
where good bearing characteristics and long life are imperative— 
Ampco Metal does full duty and fulfills its task. 

Physical properties of Ampco Metal are highlighted in the table 
below. To meet certain government specifications, modifications 
of standard grades are available to conform to specific chemical 
requirements . . . . These Victory Grades are subject to the stand- 
ard Ampco laboratory control that extends from raw material 


through to the finished product. 


PHYSICAL PROPERTIES OF AMPCO METAL 


ELONGA- RED. 
Consult TENSILE YIELD TION OF BRINELL 
withAmpoo | STRENGTH STRENGTH IN 2” AREA HARDNESS 
GRADE 12 65-75,000 25-29,000 22-27% 22-27%, 109-124 
ed 16 _70-80,000 _32-37,000 18-22%, _16-20°, 131.156 
— 18 77-85,000 _-34-40.000 10-14%, ~—6-10%, 159-183 
B 18-22 90-100,000 45-55,000  3-7% 3-7% 202-235 | 
18-23 95-105,000  43-50.000 10-15% 12-18%, 183-207 
Alternative — 2 
Specification.” 20 83-90,000  38-43,000 2- 6%, 1- 4% 212-248 
pecification. 21 70-80.000 42,000 min. 1- 4% 4%, 285-311 
70-85,000 45,000 min. 0- 2% 0- 2%, 321-352 


AMPCO METAL, INC. 


DEPARTMENT MP-9 


 AMPEO 
METAL 


MILWAUKEE, WISCONSIN 
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“complete”. More 


ols are 
cracked and ruined } tailing to 
remember that word than hen 
any other cause. It is ap excel. 
lent rule for all ya eties of 
toolsteels, no matter what the 


quench, to cool them to the point 
where they can be handled com. 
fortably with the bare end 
before placing them in the te 
pering furnace. The hardeners 
hand is the best possible the; 
mometer. This will insure th»: 
all of the hardening reactio, 
have occurred that can 
throughout the entire 
the tool (unless the piece 
refrigerated 
the plain 
means 


mass 
in liquid air), Jp 
carbon steels this 
practical completion 
the hardening transformati 
and the work of the tempering 
furnace is then the same as th 
stress relieving furnace on 4 
welded structure, or the process 
annealing on a cartridge case 
it merely relieves existing high 
internal stress and thereby 
toughens the piece. 

Alloy steels do not complete 
transform during rapid quenet 
a certain proportion of the s 
solution (the structure known as 
“austenite”) formed during t! 
heating above the critical ten 
perature, is retained in th 
quenched tool. This is really 
unstable microstructure, for 
would tend to harden 
an intimate mixture of iron anc 


carbide particles) when it gels 


change | 


chance. If tempering is at hig! 
enough temperature and for lons 
enough time, this remnant als 
transforms and the structure 

fully hardened; a notable §: 

in hardness is thereupon expe! 
enced — an action called “sec 
ondary hardening”. I! 
pronounced in high speed ste 


1S mosi 


For example, the hardness 0! 
properly quenched tool immed 
ately after cooling may be 
Rockwell C-66, but this drops t 
C-62 on tempering (stress reliev- 
ing) at 900° F. Tempered # 
1050° F., however, the » condary 
brings the 


hardening action 


value up above C-64. 


A 
| 
Abe: 
fale 
4 
4 
4 
| 
40, 
1 ies, 
= — 
iting 
=) 
4 
Pal 


ONE OF THESE 
ELEVEN PLANTS 
CAN ECONOMICALLY 
IMPROVE YOUR 
PRODUCT 
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ETALLURGISTS are well 
acquainted with the fact 
that the solubility of copper in 


ferrite is limited, and that steels 


coniaining 0.5 to 15% copper 


may be hardened by the precipi- 


Heavy Forgings of Copper Steel 


By M. L. Faure and M. Friart 


Meumont Forge Societe des Forges de la Providence 


lation of excess copper during 
cooling. Such conditions would 
be ideal for heavy forgings, but 
unfortunately some trials in 
12-in. size with a steel containing 
0.12% earbon, 0.85% copper 


KEMP of BALTIMORE 
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showed marked britt 


SS alter 
such hardening treatme| For 
this reason more comp)|ex steels 
were investigated. Th, \ddition 

i 


of chromium in amounts 9 


Ves the 
iore than 
it increases the tensile str ngth 


0.30% or more impr 
impact strength even » 


A steel containing (18% ¢ 
0.87° Cu, and 0.42% Cr, has well 
balanced fatigue strength, tough- 
ness and tensile properties jp 
forgings 12 in. in diameter. The 
addition of a little nickel gives 
the same result and is also justi- 
fied from the standpoint of forge. 
ability. Raising the carbon 
content does not improve matters 
rather the opposite, and thy 
practical composition limits are 
0.306 C, 1.0 Cu, 0.59 Cr 

Heating practice before forg- 
ing is important. In the above 
mentioned steels a rapid increase 
in ductility occurs when tested at 
about 1200° F., temperature 
associated with maximum rate of 
change in the copper constituent. 
After teeming the ingot, therefore, 
it is desirable to interrupt the 
cooling at a temperature no lower 
than 1200° F. and place the ingot 
in a furnace for reheating, or if 
the ingots cannot be worked 
immediately they should be held 
in a soaking pit for several hours 
at 1200° F. and then slowly 
cooled in the pit. 

Reheating should be gradual 
up to 1200° F., preferably starting 
with a cold furnace or a very low 
temperature. Cold ingots weigh- 
ing more than 25 tons should be 
warmed slowly by any conveb- 
ient means until they are thor- 
oughly heated to about 200° | 
It is best to use preheating '! 
naces even on blooms. 

Hot Working these chromium 
copper steels may require eith 
more powerful hammers 
presses for an equal amount 
deformation, or utilize a lars 
number of reheatings so holt! 
more plastic metal can be work 
under lighter pressure. [igh 
ishing temperature Is ac!\'' ved by 
a final rapid forging. 

Hot working of ingots shew: 


(Continued on pag 
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NEW NAVY -with-ster— 
awarded first to A Lomb 
official recognition of continued 
accomplishment im Production tor 
Victory It symbolizes 
purpose that justifies any sac 
you or we may be called upon to 


American War Birds Have Keen Eyes 


America’s fighting forces, strict- 
est requirements are imposed on 
men who fly the fighter planes. 
na, keen perception and_ split- 
i timing depend on condition. In 
st critical physical examinations, 
mphasis is given to perfec- 


ars ago, at the request of 
officials, Bausch & Lomb 
pec a special anti-glare glass for 
n bright over-cloud flying. This 
» known as Ray-Ban, has the re- 


markable property of filtering out ex- 
cess glare-producing light, at the same 
time transmitting most of the light 
useful for seeing. Army, Navy and air- 
line pilots—as well as target shooters 
and motorists—have welcomed the 
cool, comfortable, keen vision that Ray - 
Ban affords. 

So, again, and in still another way, 
Bausch & Lomb gives aid to America’s 
ali-out for Victory. Its other contribu- 
tions, more obvious, include gunfire 
control equipment—rangefinders, bin- 


oculars, aerial height finders. Behind 
the scenes, but of no less importance, 
are the instruments of industrial re 

search and production—metallographi 
equipment, spectrographs, toolmakers’ 
microscopes, 
yectors. Bausc h& Lomb eyewear prod 
ucts eye instruments, 
spectacle lenses and frames—keep a 
nation of workers at top visual efficiency. 


BAUSCH & LOMB 


OPTICAL COMPANY e ESTABLISHED 1853 


contour-measuring pro 


examination 


| 
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Heavy Forgings 


(Continued from pe 458 
always be started with [oy pres 
sures before perfory ing 
extensive deformation 
normal forging range js ab 
2200 down to 1750° for 
copper-chromium steels and 2% 
down to 1550° F. for the 
nickel steels. 

Surface Cracking is 4 y 
known phenomenon with coppe 
steels, and it should also } 
equally well known that jt 
caused by the accumulation 


COppe 


copper out of the sealed surfa 
and its penetration into {| 


we sound underlying metal. This 


counteracted by a modicum 


nickel, usually obtainable 
scrap alloy steel added to |! 
Been lacking ume and manpower to organize your own : : 
‘Be openhearth charge. Knowing 
priorities department? 

The new Frasse Priorities Division will be glad to pinch-hit. 


Manned by specialists, this new Frasse Division has only one 


cause of the cracks, the labor 
tory finding is understandal 
: that no cracks appear even 
job—to know prioritics and the latest interpretation thereof. high copper steels heated in 
You are welcome to use it as if it were your own. 

Incidentally, this latest Frasse Service has already developed 
a new wrinkle —a Master Check List containing a complete 


digest of the “dope” that must be shown on your steel orders. 


hydrogen atmosphere. 

In practice no defini! 
method of heating can be det: 
mined which will suppress 
cracks in copper steels, free 
nickel. To diminish the tend- 
ency, the atmosphere and te 


Incomplete priority data, you know, can hold up your order 
for days. A quick check against the Check List prevents any 
oversight. Care for a copy? Just mail the coupon below 


Meanwhile, file this memo in your source book of priority perature of the furnace shou 


be controlled and the fla 
should not be allowed to p! 
upon the metal. The presen 
of cracks entirely on the surta 
and bearing no relation to 
body of the metal means thal 
sufficient allowance for rows 
machining must be provided 
Heat Treatment is only p 
tially related to the carbide er 
ical points. Nevertheless 


information. Next time you hit a puzzler on steel priorities, 
write or call: Priorities Division, Peter A. Frasse and Co., Inc., 
17 Grand St., N.Y.C. (Walker 5-2200) + 3911 Wissahickon Avenue, 
Philadelphia (Radcliff 7100 - Park 5541) « 50 Exchange St., Buffalo 
(Washington 2000) ¢ Jersey City, Hartford, Rochester, Syracuse 


FRASSE MECHANICAL STEELS 


} 


SEAMLESS STEEL TUBING + COLD FINISHED BARS 
ALLOY STEELS + DRILL ROD + WELDED STEEL TUBING 
COLD ROLLED STRIP AND SHEETS + STAINLESS STEELS 


temperatures of two repres 


tive steels are as follows 


Cu-N 
Composition Cu-Cr 
PETER A. FRASSE AND CO., INC. Carbon ().28 o 
17 Grand St., New York City Copper I a 
Chromium 0.52 
Please send me, without obligation, a copy of your new Master Nickel 04 
Check List of Priority Requirements. Ac, (beginning) 1380 i 
Ac, (end) 1515 lod 
Name Ar, (beginning) 1380 138 
Ar, (end) 1200 4 
Firm 
For heavy forgings he ha 
Address ening treatment consists 0! 
rehe 


preliminary treatment 
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od quenching either in air 
n a liquid and a final tem- 


ny. We will not discuss here 
liquid quench. 
Preliminary Treatment 
\.rmalizing by heating to Ac, + 
before hardening results in a 
yniform structure in the 
forged steel, suppresses forg- 
strains, makes for uniform 
persaturation of the copper in 
ferrite and throughout the 
rt, and finally eliminates tem- 
brittleness in a steel whose 
sh forging temperature is 
re than 1800° F., and which 
hardened in the as-forged 
wition. We have found for 
Cr-Cu and Ni-Cu steels that 
temperature range for solu- 
n of copper is between 1250 
400° F. temperature 
wivalent to Ace+50° is satis- 
tory for all purposes. 
The cooling speed after 
heating should be rapid enough 
hat the copper does not separate 
m solid solution. In the 
sion of 1100° F. it should be a 
imum of 200° per hour to 
biain the highest degree of 
rdening. More rapid chilling 
s undesirable; in large forgings 
quench in warm or boiling 
ter may be necessary to 


hieve the desired speed. 
Final Treatment — The even- 
ii hardness depends on the 
temical composition of the 
‘eel, the temperature and time 
re-heating, the degree of 
rity, and the speed of cooling 
‘ter re-heating. Studies of 
‘urdness versus aging (reheat- 
temperature show the 
laracteristies of typical precipi- 
nm hardening. For example, 
Steels indicated above 
‘elop a maximum hardness 
‘Strength after heating about 
at 929° F.; however impact 
ength suffered. To 
prove the latter a heating up 
-t hr. may be necessary; this 
ses a loss of tensile strength 
to “over-aging”) but is 
‘ranted if a high impact value 
Te to be desired in the fin- 


‘hed forging. 


2's Tons of Chromium- Nickel Alloy 
Saved by Rebuilding Furnace 
By Earl A. Lerner, Assistant Manager Alloy Dept. 


American Manganese Steel Division 


Making the most of what we have 
is an excellent way to help win 
the war. Scarce metals can be made 
to go farther if all plant engineers 
will make conservation of them 
one of their first thoughts. 

An example is the case of a manu- 
facturer of automotive parts, who 
was awarded a contract for the 
heat-treatment of bomb casings. A 
hig saving in time, critical metals 
and dollars was effected when an 
Amsco engineer was called in for 
consultation. 

Instead of about 5 tons of new 
heat-resisting chromium-nickel al- 
loy castings being ordered for a 
new chain conveyor, the existing 
Pinlock ( patented) chain of Amsco 
Alloy. built for peacetime produc- 
tion, was changed to accommodate 
the new war material production. 
Attachments similar to those shown 
in photograph R-827 were cast of 
Amsco Alloy and welded to the 
center links of the chain (see 
R-833) with electrodes of similar 
composition. A few guide rails. 


angle brackets, box supports, and 


other small parts were added to 


AMERICAN MANGANESE STEEL DIVISION 
Tk AN moe 


MAKE SHOE & FOUN 
Chicago Heights, Iitinets 


make the war-time conversion com 
plete in a fraction of the time it 
would have taken to design, pro- 
cure, and install the working parts 


for a new turnace. 


Approximately 2! tons of alloy 
were saved, amounting to over 
$2500.00 on this one unit of mod- 
erate size. But that was not all! A 
change in analysis recommended 
by Amsco reduced the nickel con- 
tent from the 60° previously used 
to 117. Aside from the money 
saving of 26c per pound ($1300.00 
total) was the avoided use of about 
2.4150 pounds of nickel in the 2! 

tons of alloy castings actually in- 
stalled; nickel that has become so 
vital to our war program that 
none can be used for ordinary 


peace-time purposes. 


This instance is only one of many 
where Amsco has helped to keep 
war production rolling to hasten 


the day of victory. 


Bulletin 1041-A tells the story of 
Imsco Alloy, the various grades 
and their recommended applica 
tions: and pictures heat-treating 
containers, retorts, mu] 
fles, and furnace parts, 
including specially  de- 
signed fixtures of Amsco 
design to solve spect fu 


problems. 


FOUNDRIES AT CHICAGO HEIGHTS, ILL.; NEW CASTLE, DEL.; DENVER, COLO; OAKLAND, CALIF; 
LOS ANGELES, CALIF.; ST. LOUIS, MO. OFFICES IN PRINCIPAL CITIES 
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use LECTRODRYER 


ACTIVATED ALUMINAS SYSTEM 


YOUR SERVICE CosTs 


BY USING KENNAMETAL’ 


KENNAMETAL, because of its strength, hard 
ness and crater-resistance, machines more stee! 
per tool grind than does any other tool materia! 
That means fewer shutdowns of 


machines, less time spent in Style «1 
grinding tools and smaller tool 

@ Lectrodryer dries controlled atmos- inventories. 

pheres to very low dew points. Lectro- _In these days of high produc- 

dryer uses Activated Aluminas — the Sen, yeu 


time you shut down a machine. 
. Save that time and money by 
operation is simple and reliable — the using only KENNAMETAL to 
results are thorough. machine your steel parts. Write 
for the KENNAMETAL Vest 
Pocket Manual, containing com- 
plete details. 
“INVENTED AND MANUFACTURED IN 


MSKENNA METALS 


6 LLOYD AVE., LATROBE, PENNa 
FortiGn Representatives STEEL EXPORT CO 


Eaclusiwe of Canada Great Britam end Possession 


time-tested dependable adsorbent. The 


Write today, for details on Lectro- 
dryer Equipment for drying your 
controlled atmospheres. 


PITTSBURGH LECTRODRYER 
€ORPORATION 


32nd STREET and ALLEGHENY RIVER PITTSBURGH, PA. 


oe 
MOTOR-GENERATORS The answer to wire problems of size. tem 


per, tolerance and finish — is quite simple 


for Electro-Plating and Call in Callite. Extensive experience in 1 
other Electrolytic Processes search, development and production is at 


your disposal in selecting the proper Callitr 
wire for your specific needs. 


Callite wires — unsurpassed in quality and 
uniformity assure uninterrupted produ: 
tion and subsequent top-flight performa 
If your operations demand the utmost in wire 
dependability play safe. call in Callit 
FREE — New Wall Chart of Standard Wire Gouges - 
diameters, physical properties of 15 alloys. On ves! 
packet card if preferred. Write on company letternecc 


for your copy. CALLITE TUNGSTEN CORPORATION 
557-39th St., Union City, N.J. Branches: Chicago, C.evelane 


Callite Fine Wires for every need 


in sizes as small as .002” .. . for springs, ee e 
t ts, trol devices, wire cloth, scratch brushes and 
Columbia generators embody every feature essential! 
ne to dependable, 24-hour operation. They are built for ALUMINUM SILVER COMMERCIAL BRONZE 
: electroplating service in sizes of 6 to 20 volts, 500 to BERYLLIUM COPPER SPECIAL ALLOYS EVEROUR - 
20,000 amperes, for anodic treatment of aluminum in BRASS — ALL aes 19 ES fe Sit 
sizes of 40, 50 and 60 volts, 500 to 3,000 amperes. 
Columbia generators for other electrolytic processes = 
range from 4 to 250 KW, 100 to 40,000 amperes, 6 go Za a 
a Prompt shipment can be made on any type and size. A LG Z Wo Co 
\ 
COLUMBIA ELECTRIC MFG. CO. 
4519 Hamilton Ave. Cleveland, Ohio A FINE WIRE FOR EVERY USE ‘CY — 
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